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Appendix B

FOREWORD

\l‘he paramount problems facing the US Army in main-
taining and possibly defending th: 'JS and its interests
in the world in the light of the probable use of atomic
weapons in future warfare have been the primary causcs
for the follewins study under the general subject of
Atomic Warfare. Included here are a total of four
annexes which are entitled:

Annex 1: The Effect of Variation of Enexrgy on Atomic
Weapons Characteristics}.

? Annex 2: World War II Tactical Situations Analyzed with
Respecct to Atomic Weapons.

Annex 3: Atomic Wecapons in Army Operations. ﬁ.«‘Q
/
Annex 4: Atomic Weapons in Western Europe.

An attempt has been made here to exploré the
celatively new and vital problem of the effect of using
atomic weapons in conjunction with military ground
operations. Being new, such analyses as the one
presented here lcave much to be desired in the char-
acter of the evidence which can be brought to bear
on the subject. The analysis is predominantly qual-
itative but in many instancc forecasts the possibility
of more quantitative procedures. Despite the fact

! of its being preliminary in nature and subject to
revision in the light of rapidly increasing evidence,
this study is presented in the belief that it is possible
‘- form some important and meaningful cuaclusions
which will be helpful to the solutions of the more
comprehensive problems of which this atomic study
is an introductory part.
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: is required has been remouvedTrom this 1ssue in order

o to facilitatec morc widesproead distribution and use by

Jr: military personncl. It is the intent that the remaining,
publisher information in the following vtudy include
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.Foreword

those categories of restricted data of primary signifi-
cance to the Department of Defense which require wide
dissemination within the armed forces. Access to

the origiral copies containing specific restricted data
may be ottained by properly authorized personnei by
request through the proper official channels,

Since the original preparation of the manuscript
for this report, developments in atomic weapons
have transpired which serve to alter somewhat the
tactical considerations set forth herein. In gen=zral,
the use of high KT bombs against large industrial
targets continues to be practiical. However, applica-
tions of certain hitherio unavailable, small (less
than 20 KT) atomic weapons against troops in the field
are now possible. These weapons may require bursts
near ground level, The principal novel effects of the
smaller bursts would be improved geometry—that is,
reduced over-kill of enemy troops and increased pro-
tection to friendly troops—and a modified relative
emphasis on blast, thermal, and radiation damage.
Reports discussing appropriate uses of the new
weapons are forthcoming.
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Appendix B

THE EFFECT OF VARIATION OF ENERGY ON‘
ATOMIC WEAPONS CHARACTERISTICS

SUMMARY

PROBLEM

The problem is to summarize, in a form
siable for military purposes, the effects of
air burst atomic weapons of up to 100 KT
of TNT equivalent energy.

FACTS

Much of the large amount of information
already available (see bibliography) and per-
tinent to the problem is neither in a suitable
form nor sufficiently complete for direct ap-
plication to military problems.

Consistent with an evaluation of all target
systems and weapons systems, it is necessary
to examine atomic bursts of all possible ener-
gies to determine the weapons and weapons
systems that would be most effective.

CONCLUSIONS

The most effective use of an air burst atomic
weapon of up to 100 KT energy against per-
sorinel is to detonate it at an altitude opti-
mizing the blast area.

At the above altitudes, the radii of the
areas of corresponding damage from biast
overpressures and thermal radiation are in-
creased by a factor around 1.7 and the areas
by a factor of 3 as the eneigy of tie burst is
increased from 2C to 100 KT.

As the energy of the burst increases, the
thermal radiation, because of atmospheric at-
tenuation s> ~~ll as the inverse square law,
increases only in a manner similar to the

assumed increase for blast areas, i.e., approx-
imately as the cube root of the energy for the
radius.

For weapons up to 100 KT energy, atmos-
pheric attenuation on a very hazy day can
decrease the ground radius of injurious the.-
mal radiation intensities by a factor of about
2 from the radius for that intensity on a clear
day.

For energies up to 100 KT and detonations
at altitudes oplimized for blast, the radius for
50 percent lethal thermal radiation intensity
for personnel in the open exceeds, even under
the mos', adverse atmospheric conditions con-
sidered, the radius for 50 percent lethal (de-
loyed) gamma radiation intensity from bursts
optimizing the nuclear effect.

For all energies, the a.eas of nuclear radia-
tion contamination will be a maximum when
the altitude of bursts is held to a minimum.
For this condition the radius for 50 percent
lethal (delayed) intensity increases from 1,260
to 1,700 yards or a ratio cf 1.35 as the energy
is increased fromi 20 to 100 KT.

For all energies between 5 and 100 KT, the
radius for a given intensity of thermal ra-
diation, determined by optimizing the height
of burst for blast, differs less than 10 percent
from the radius for a cons.ant 600-yard height
of bursi. The radius of any thermal radia-

tion intensity arca increases approximately
as the cube root of the eneigy.
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THE EFFECT OF VARIATION OF ENERGY ON
ATOMIC WEAPONS CHARACTERISTICS

INTRODUCTION

Consistent with the development of better
atomic weapons, it is necessary to summarize
the effects resulting from the use of such
weapons against personnel, structures, ter-
rain, et cetera, and to show how these effects
will vary with bomb energy and certain en-
vironmental conditions. The significance of
these variations to the military tactical use
of atomic weapons will be of paramount im-
portance to future planning,

Some material of this type already exists
in a few analyses and compilations®?? of
weapons effects and variations of weapon
energy. In general, they form the best au-
thoritative judgments of atomic phenomena
in existence. However, for military use in
field conditions and field army planning, this
information has not been made sufficiently
practicable to apply to military troops in var-
fous types of tactical situations. The task
undertaken here is to estimate and present
the phenomena and effects of the explosion
in the air of atomic weapons up to 100 KT
of TNT equivalent in such a way that the
military eflects and implications may be ap-
praised. The following analysis and discus-
sion attempts to summarize weapons effects
from this point of view. The informaticn
from the known sources 1s uved together witn
additional original treatments, and applied
to some specific military tactical situations.

In general, the effects resulting from the
explosion s an atomic weapon are of three
types; namely, blast, therraal radiation, and

—— —

'Weapons Efects Handbook, 1849 Edition, AEC.
Te be declaayified as “The Effects of Atcinic Weap-
ons,” piobably August 1950 and tss °d by the Super-
intendent of Documents, Goverument Printing Of-
fice.

i Technical Study of Destructive Areas, LA-694, 4
August 1048

* Employment of Atomic Weapons 4gainst Varions
Tupes of Targets, BB/15-TE--1816-1A, 29 Jujy 1049.

nuclear sadiation. Th. ovimap consider-
ably with respect to the damage caused, the
numbers of casuelties produced, and the total
arca affected. From blast, in particular,
considerable secondary damage and casualties
are caused by fires, fiying debris, falling build-
ings, et cetera, which frequently transcend
any direct results from primary blast. It is
possible to minimize or maximize any one
of the three weapens effects, in preference to
the other two, by varying the height of burst.
The magnitude of the effects will vary ac-
cording to whether the weapon is exploded
high in the air, on or near the ground, under-
ground or underwater. In this analysis we
shall consider only the air burst weapon as
it is the only proven atomic weapon. Fur-
thermore, it lends itself well to a systematiza-
tion of -veapons effects and a scaling with
weapon energy. Since nearly all weapons
so far used have been (xploded in this man-
ner, there is an appreciable amount of re-
corded data. Consideration will be given to
the factors involved in other type bursts in
subsequent analyses. In general, the present
analysis wiil be restricted to weapons up to
100 KT al'hcugh some discussion and data
will be given to weapons above this. For the
most part, weapons abeve 100 ET anergy will
possess somewhat different characteristics of
design, and their effects will be treated else-
where.

The height at which an atomic weapon s
exploded will play an important part in deter-
mining the effects and the damage area. It
will vary with the particular effect and its
magnitude desired. The following unalysis
will include caiculations concerning optimum
heights to be used in various situations.

In general, for an air hurs!, aproximately
#9 percent i the total e..c:gy released will be
instantaneous; 11 percent of the total will
come from the fission products, delayed for
periods varying from seconds to years as the

3
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fission products decay. Of the total released
energy 30 percent or about one-third of the
total instanta.:cous release will go into
thermal energy, 53 percent or a liutle less
than two-thirds of the total instantaneous
refease will go into blast energy, and about 6
percent into nucleay radiation equally divided
between gamma rays .nd neutrons. The to-
tal energy released frora a 20 KT weapon is
equal to 8.4x10% ergs or 2X10 calories.

NUCLEAR RADIATION

Approximately 6 percent of the tptal energy
is instantaneously released fro e explosion

of an atomic weapon up to N0 KT in the
form of nuclear radiations, principally neu-
trons and gamma rays. For all practical pur-
poses, neutrons may be eliminated from con-
sideration since the attenuation of neutrons
by air is fairly great and, hence, neutrons will
be effective only in some cases and only very
close to ground zero, where the other effects
are lethal many times over. For the 20 KT
weapon the neutrons are lethal to only 700
yards slant range or less than 450 yards from
ground zera. For energies higher than 20
KT the neutron intensity at a given distance
will be proportional to the first power of the
energy but still of no practical importance
in comparison to the other effects.

The gamma component of the nuclear ra-
diation is effective over a much larger area.
Figure 1 shows the curve * of the total gamma
ray intensity times the slant distance squared
as a function of the slant distance, obtained
from data from the Bikini Able burst. Sin.ce
the attenuation of garnma ray intensity is ex-
ponential, this curve is nearly a straight line
from which a lirear equation is easily ob-
tained. Figure 1 also shows the gamma ra-
diation u.l.usity in roentgens as a function of
the slant distance from vurst derived from
the above data. Solutions of this equativi
were obtained to give the slant distances and,
hence, the horizontal distances in yards from
ground zero where personr.zl will recejive a
total accumulated dose of 400 roentgens,
which is the dose at which 50 perccut of

¢ “Scientific Directer’s Report of Atomic Weapons
Tests.” Sandstone, Handbook of Nuclear Ezxplo-
sions, Volume III, 6 Mz, 1948,

4
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personnel will dle within six weeks, and an
accumulated dose of 100 roentgens, which is
the dose at which nearly all personnei will
experience temporary sickness of varying de-
grees but no deaths. The heights of burst
were optimized for maximum blast effects,
using 600 yards for 20 KT and scaling ac-
cording tu the cube reat o the ¥T energy.
(Details of this calculation may be seen in
Enclosure A.) Table I and Figure 2 show
the horizontal distances as a function of the
KT energy.

With reference to Table I it is seen that for
a 200 KT weapon exploded at the calculated
optimum blast height of 1,292 yards the range
in the oren for the median lethal gamma ray
dose of 400 roentgens is about 1,500 yards,
and the range for the sickness dose of 100
roentgens is about 2,000 yerds. With increas-
ing values of bomb energy the corresponding
height of burst for optimum blast increases
more rapidly than does the effective range
of the gamma radiation associated with &
bomb. Table I indicates that if blast damage
alone is chosen as the criterion of burst height,
then for bombs of weight greater than 1,500
KT—which would be exploded at heights
above 2,560 yards—t e 400-roentgen level of
gamma ray dose occurs in the air above the
surface of the earth, and the dose anywhere
on the ground is less than 400 roentgens.
Similarly, for bombs larger than 2,900 KT the
radiation dose on the ground is less than 100
roentgens. However, beyond 100 KT and the
corresponding calculated optimum height of
1,026 yards, atmospheric conditions and a
change in weapon characteristics must be con-
sidered, and these will be treated elsewhere.

For personnel it the open, such as trcops
in the fleld where there are no or very few
structures, blast has littie secondary or pri-
mary effect since the total overpressures pro-
4ced by an air burst at the heignts given ure
well below the emount estima‘ed: necessary
to have primary lethal effect on man. Hence,
in this situation it is more desirable to place
the weapon at heights such that the hori-
zcnfal range for gamima radizoon will be a
maxicsum.  In generai, tiis optiu uin height
will approach the ground since at this alti-
tude the burst will spread the radiation over
the groun’ with mazimum effect and range.

. St
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Appendix B

VARIATION OF

TasLe I

THE DISTANCES FROM Ax

ATOMIC BOMB OF VARIOUS ENEKGIES EX-
PLODED IN THE AR AT HEIGHTS SCALLD

ACCORDING TO THE CUBY ROOT O THE EN-

ERGY TO RECFIVE A LETHAL OR SICKNESS
DOSE OF GAMMA RADIATION

HORIZONTAL DI8-
apleHr BLANT DISTANCE TANCE FROM
or (YD) GROUND ZERO
E!;En;l! BURST (YD)
KT
KT’ | (For | (For | (For | (For
l 20 /yd| 400 R) { 100 R) | 400 R) | 100 R)
1 C. 221 763 1,045 730 1,018
2. . 278 900 1,200 856 1,167
5. . 378 1,092 1,410 1,024 1,359
10. 476 1,245 1,530 1,150 1,507
2 . 600 1,410 1,757 1,276 1,651
40 . 766 1,580 1,940 1,387 1,787
60 . 865 1,682 2,040 1,442 1,848
80 . 952 1,757 2,126 1,476 1,900
100 1,026 1,813 2,185 1,495 1,929
200 . 1,292 1,996 2,380 1,521 1,999
350... 1,658 2,150 2,530 1,481 1,993
500... 1,754 2,247 2,335 1,404 1,96
1,000 . 2,210 2,440 2,832 1,034 1,772
1,500 . 2,632 2,550 2,050 302 1,513
1,550. 2,660 2,560 2,960 0 1,485
2,000 2,784 2,630 3,040 1,221
2900 . 3,152 2,740 3,1£2 0
100 4,762 3,100 3,520
10 10,260 3,800 4,225
100... . 22,104 4,500 4,950
107, 47,622 5,200 5,690

The detonation height of 600 yards is con-
sidered practical against men in the open in
order to clear all trees, small structures, hiiis,
trenches, et cetera. For this height a median
lethal dose of 400 roentgens and a sickness
dose of 100 roentgens will be received up to
ground ranges as shown in Table II

Where & tactical military situation is of
short duration, of the oider of a few hours
or less, it is necessary to remember that the
gamma radiction doses used in Table II do
not imply the certain immediate incapacita-
tion of the individual. The 400 roentgens
dosage will meke most mean sick to varyving
degrees of intensity and for varying periods
of time, with symptoms of radiation sickness
such as nausea, vomiting, anorexia, malaise,
epilation, fever, diursiiea, severe thirst, de-
lirlum, decrease in white and red blood cell

-

TarLe II
VARIATION OF DISTANCE FROM AN ATOMIC
BOMB OF VARIOUS ENERGIES EXPLODED IN
THE AIR AT A HEIGHT OF 600 YARDS —0
RECEIVE A LETHAL OR SICKNESS
DOSE OF GAMMA RADIATION

| HORIZONTAL DISTANCE FROM
GROUND ZERO (YD)

(For 400 R) | (For 100 R)

ENERGY (KT)

1. 469 856
2 671 1, 039
5 912 1,276
10 . 1,091 1, 461
20 1,276 1, 651
10 1, 461 1, 845
60. . 1,571 1, 950
80 ... .. 1,851 2,038
100 1,710 2,101

counts, peiechiae (small hemorrhage under
skin); and in addition, 50 percent of all men
so exposed will probably die within six weeks.
Many of the men made sick will be incapaci-
tated for short periods of time and, conceiv-
ably, will still be able to participate efleciively
in the immediate tactical situation. There
may also be some dela;ed effects which would
not incapacitate some individuals until later
on. A dose of 100 roentgens will produc:
many of the above symptoms but in consid-
erably milder form and probably will not in-
capacitate more than a few individuals tem-
porarily and will not seriously affect the
tactical situation shown in Table II. No
deaths will occur from this single cause.

A gamma radiation dosage sufficient to kill
a man within an hour, or {o take him out of
action completely within an hour with very
probably death within a few hours, is esti-
mated to be of the order of 1,000 to 4,000
roentgens Doses of this magnitude may be
received very close to ground zers, but ther-
mal and secondary blast effects ..i. be even
more effective in killing a man so close to
the hypocenter.

Comparison of the data in Table II with
these in Table I usnacates that u,py o 100 KT
appionimately the same gamms cadiation
casualty radii will be produced by all weapons
burst at a fixed height of approximately 600
yards as kv the weapons burst at optimum
heights to maximize the blast effect which

7




increases as the cube root of the KT energy.
Despite the fact that immediate casualties
are not caused by gamma radiation except
clnse to the hypocenter, it is probable that
the radiation wil! have considerable psycho-
logical effect on treops in the vicinity of any
atomic burst.

THERMAL RADIATION

It is cstimated that approximately one-
third of the total energy is instantaneously
reieased from the explosion in the air of atomic
weapons of energies up to 100 KT in the
form of thermal radiation. This radiation
travels at the velocity of light and is in the
form of a pulse of very great intensity and
whose duration is extremely short. An initial
very high peak occurs in less than one milli-
second after the burst, decreasing to a mini-
mum in about 0.1 second after the burst.
This is followed by a second smaller peak be-
tween 0.2-0.3 seconds after the burst. Afie:r
this secord maximum, th2 “ball of fire” grad-
ually cools by radiation and expansion over
a period of several seconds. It is during the
phase after the minimum that most of the
radiant energy from the bomb appears. De-
spite considerable absorption by the atmos-
_phere, sufficient intensities of thermal radia-
tion are transmitted to kill all personnel in
the open to very great distances.

A threshold value for the sensation of pain
from thermal radiation is given* as 0.1--1.0
calorie per sq ¢cm when received in three sec-
onds. Additional information® for a 20 KT
burst indicates that ordirary cletlung will
burn, producing extensive body burns suffi-
clent to cause death up to distances of 2,600
yards from ground zero. It will be seen from
the following analysis and Figure 3 that at
this distaiice the radiation intensity will be
6.5 calorles per square centimeter. It has,
therefore, been assumed that thermal radia-
tion of intensities as low as 6.5 calorles per
8q cm received within two seconds will be
sufficlent to immediately kil more than half

‘Atomic Bomh HMHandbook, April 1, 1040 Serles,
Chapter 10, Supersedaa by footnote 1,

*The Inflammabdilily of Combat Suit Materials
with Special Referenca to Atomic Warfare, AORG
Report No, 0/49.

Analysis of Military Assistance Progrom

of all indjviduals In dry herringbone twill
uniforms receiving such a dose.

It has been estimated that thermal radia-
tion of intensities as low as 4.0 calories pcr
sq cm within two seconds may be sufficient
to cause burns immediately hospitalizing or
incapacitating more than he'f of all individ-
uals in dry herringbcne twill uniforms receltv-
ing such a dose. It is known, however, that
special clothing can withstand these radiant
energies and that light structures and inter-
vening objects can very effectively reduce the
intensity of thermal radiation incident to an
individual so that the resultant thermal effects
may be appreciably less than indicated.

Atmospheric absorption contributes signifi-
cantly to the attenuaticn of thermal radiation
from an atomic burst. Absorption losses may
be conveniently expressed by a coefficient
which is estimated in terms of visibility as
shown in Table III.

Tasre 111
LIMITS OF VISIBILITY AND ATMOSPHERIC
ATTENUATION COEFFICIENTS FOR DIFFERENT
ATMOSPHERIC CONDITIONS

LIMITS OF VIAIBILITY
(Miles) | (Per KM)

ATMOSPHERIC CONDITICNS

Clear. . ..........cccoiiiiian, 10-12-20 02
Hagy. . ..o ciiiiiiiiiin e 4-6-8 04
Very Hasy . . ............c... 1-2¢3-4 1.0

The figures under Limits of Vislbllity include the upper
and lower limits as well ax tho mean value,

Table IV gives the classes of injuries which
will be incurred by personnel in selected uni-
forms for various values of thermal radiation.
The figures given for thermal radiation in-
clude the upper and lower limits as well as
the mean value for a given type casualty.

The total energy from a 20 KT atomic
weapon explosion is 8.4X10% ergs, of which
one-third Is in the form of themu! radiation
when the height of burst is below the haze
level. Passage through the atmosphere will
attenuato this radiation bv axvonential ab-
sorption and by thu ihvarse squuic of the tra.
verseu distance. Ience, thic intennty ot this
radiation will vary according to the equation
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where I, is the intensity obtained from the
weapon energy stated previously, « is the ab-
sorption coefficient for the atmosphere, and
r is the siant distance from the burst to the
ground.

By “special” uniform is meant one which is
designied specifically to withstand thermal
radiation. It will be made of materials of
special type and of sufficient thickness so that
it wili not burst into flame but will only char
without burning, thus protecting the skin
underneath. It should be made so that in
such cases it could be easily discarded. It
is believed that practical uniforms can be
designed to protect troops from instantane-
ous heat intensities as great as 100 calories
per square centimeter. The limiting factor
is not the rate but, rather, the total energy

o Analysis of Mililary Assistance Program

ditions described in Table III. Figures 3-8
present the results of these calculations. De-
tails of these calculations are given in En-
closure B.

Table V summarizes the information in Fig-
ures 3-8 for the condition that the troops are
wearing dry herringbone twili uniforms. The
horizontal distance in yards, for both lethal
and incapacitating amounts of thermal radia-
tion, are given for the three atmospheric con-
ditions. The height of the burst is scaled to
optimize the blast area.

TaeLn IV
ESTIMATED THERMAL RADIATION REQUIRED
TO PRODUCE CERTAIN PERCENTAGES UF
CASUALTIES TO TROOPS IN THE OPEN
IN VARIOUS TYFZ® OF CLOTHING

CLASSIFICATION OF INJURY

THERMAL RADIATION

which can be absorbed by the uniform with- AND UNIFORM (caromiss/cut)
out heating the interior to dangerous tem- I1—A........................ L 4-605-10
!mmtureS. I=B. . i 7-11-16
1 o 50-100-200
“Ordinary” uniforms will normally include g ... ........ ... . .. 346
g proportions of cctton and wool and, 2—B........ .............. 3-5-7
therefore, the thermal energy values of both 2—C. 67-75-160
classifications A and B in Table IV must be g—_—g ......................... i::—.:-&:
tag?zmco?ﬁmmn' “ 3—C..oooiiiiiiii i 37-50-67
utions of the preceding equations were T - injury have the follow-
obtained to determine the horizontal IStANCeS 1o, sntheanenr — - Ly bave the follow
from ground zero at which various degrees 0f 1. Approximately 70 percentfa-  A. Dry herringbone
burn damage are induced. This is done for talities. twills,
various energies, the height of burst being 2 Approximatcly 70 peroent  B. Wool OD.
optimized for maximum blast area, and for , ,°% ““"!, ey 70 . C. Boecial unf
the three types of atmospheric absorption con- in‘j’&';’d_ ey T pepoent o
TamsLe V

VARIATION OF THE DISTANCE FROM AN ATO11IC BOMB OF VARIOUS ENERGIES EXPLODED IN THE
AIR GNDER VARYING ATMOSPHERIC CONDITIONS AT HEIGHTS
SCALED ACCORDING TO THE CUBE ROOT OF THE
ENERGY TO RECEIVE LETHAL OR
INCAPACITATING BURND

HORIZONTAL DISTANCES FROM GROUND ZFRO (YARDS)
Lethal Effects Incapacituting Effects
nu‘:z:“(!: A;:;B) mz::;; ¥ Thermal (6.5 cal/cm?) (appicaimately Therncal (4 cal/em?} (apnrovimately
70% immediate deaths) 70% out of £5iion;
Clear | Hasy | Very Hasy Clear | Hasy | Very Hasy

3718.... 3 , 300 1, 150 850 1, 600 1,400 1,050
476 10 1. 800 1, 500 1, 050 2, 200 1. S0G 1, 200
600 20 2, 400 2, o0 3, 280 2, 950 2 300 1, 520
865 80 3, 500 2, 900 1, &K 4, 200 ¢, 200 1, 600
1,026 . 106 4,200 3, 200 1,90) 5/, 000 3, 800 2, 170
1,754 . 500 6, 900 4, 800 2, 460 8, 000 8§, 609 3. 250
2,210.... 1, 000 8, 300 5, 500 9, 400 6, 300
4,762 ... 10, 00) 13, 200 7, 900 15, 000 8, 800

10 .
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It is readily evident from examination of
these values that above 20 KT a person in the
open will receive lethal doses of thermal radia-
tion on a clear or moderately hazy day out to
much greater distances than for lethal doses
of gamma radiation. However, even for a
very hazy day the thermal ef’ect will be re-
ceived as far or fartner from ground zero
than the gamma radiation effect even when
the height of burst is optimized for the latter.
This definitely indicates the great effec-
tiveness of thermal radiation in producing
mortality or incapacitation of personnel in the
open as compared tc gaimnma radiation. Since
gamma radiation effects are generally delayed,
it is further evident that the thermal radia-
tion effects will predominate in producing the
immediate casualties that will influence the
tactical military situation. However, ther-
mal radiation is much more easily absorbed
by shielding objects or by special clothing
protecting the individual than is gamma radi-
ation and, therefore, may be substantially
reduced by proper indoctrination and special
articles of clothing. With such training and
shielding it is possible that the thermal and
gamma radiation effects can be made to have
similar effects on the individual within ap-
proximately equal distances from grouni
zero. Without such shielding, thermal effects
should be more effective to greater distances
from ground zero than gamma radiation and,
being more immediate, would have greater in-
fluence on the tactical situation.

For atomic weapon: up to 100 KT energy,
burst so as to maximize the thermal radia-
tion effects for use against troops in the open,
Table VI gives the horizontal distance in yards
from ground zero for both lethal and incapaci-
tating doses of thermal radiation. It is as-
sumed that there will be no or very few struc-
tures so that secondary blast effects wouid
be small, and a practical height i burst of
€00 yards, which is sufficient to clear all build-
jinzs, trees, and hills, is employed.

Comparison of the data in Tables V and
VI siiowe again that coly u smail difference
in the ground radii results from uasing 600
yards as the fixed height of burst of all weap-
ons up to 100 KT instead of the heights scaled
according to the cube root of the KT energy.

~L A
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In the foregoing analysis for gamma and
thermial radiation, the tables have included
values for weapons above 100 KT, using the
same scaiing as for weapons below 100 KT.
Thts data becomes increasingly less valid
as the energy is 80 increased and the heights
are correspondingly increased, since it has
been estimated that the wespons above 102
KT may release increasing proportions of
thermal energy and decreasmng amounts of
blast and nuclear radiation. Furthermore,
these weapons wilt generally have different
characteristics arising from differences in de-
sign or nuclear compone:nts. Above the
height of about 3,000 feet, scaling must also
take into consideration the atmospheric uen-
sity. This entire problem of weapon effects
for weapons above 160 XT will be treated in
maore detai! elsewhere.

BLAST

It is believed that approximately 69 percent
of the total energy instantaneously reieased
by the expiosion in the air of atomic weapons
vp to 100 KT energy will be in the form of
blast energy. This blast produces such high
overpresaures that it becomes the most effec-
tive agent for incurring destruction of struc-
iures to a very grea\ distance from ground
zern, and an important agent in producirg
casualtiez frem the secondary effects of blast
such as falling buildings, flying debris, fires,
et cetera. In genersl, it has been estimated
that an overpressure of approximately 400
psi would be aecessary to kill a man by the
action of the primary blast wave. Since the
magnitude of the overpressures from the 20
KT weapon burst in the air is well below this
at ground gzero, it is obvious that blast is un-
important for preducing primary casualties
among personnel in the cpen or trocps in the
field devoid of structures. In such situations
secondary casualties from the blast may be
¢xpected although the nurlear snd thermal
effects are more eflective i producing casual-
ties

i cases where structures exist, the over-
pressures necessary to dest:cy ihem directly
and io r:uwiuce other swicudary ia~ards are
appreciably lower than those required to kill
an individual Based upon information fur-
nished by the Physical Vulnerability Section,

15
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Tasre VI
VARTATION OF THE DISTANCE FROM AN ATOMIC BOMB OF VARIOUS ENERGIES ZXPLODED IN THE
AIR UNDER VARYING ATMOSPHERIC CONDITIONS AT A HEIGHT
OF 600 YARDS TO RECEIVE LETHAL OR
INCAPACITATING DBURNS

HORIZONTAL DIATANCE FROM QROUND ZKRO (YARDA)

ENERGY {(KT)

Lcthal (6.5 cal/em?)

qug{gu_cl_t_n_llnf 4.0 eal_lcm’)

. _ Clear | Hazy | Very Hazy Clear | haty , Very Hazy
NN 1,212 1,052 920 1, 531 1,321 1,041
0., e 1, 765 1, 454 2, 150 1, 862

20, . . e 2, 406 2, 000 1, 280 2, 000 2, 300 1, 520
60......... .. J, 350 2, 064 4, 240 3, 260

100, ... 4, 280 3, 308 1, 855 5,07 3, 886 2,420

Strategic Vulnerability Branch, DI/USAF/
AFOIN, Table VII gives estimates of damage to
structures of various types in terms of the in-
cident cverpressures required.

Figure 9 gives the distance from ground zero
to the designated overpressure for a 20 KT
weapon exploded at & height of 600 yards.

Tasry VII
REQUIRED PEAK BLAST OVERPRESSURFS PRO-
DUCED BY AN ATOMIC BOMB EXPLODED IN
THE AIR TO CAUSE VARIOUS ESTIMATED DAM-
AGES TO STRUCTURES OF VARIOUS TYPES

. OVER-
PRESSURE
(ra1)

DAMAQGE

Half of all reinforced concrete buildings ao
hadly dumnaged as not to be worth repairing.
This implies failure of main structural mem-
bers and coneiderable distortion of the
building.

Half of all heavy steol frama hullding: so
heavily dainaged as not to be worth ro-
palring.

Half of all light ateel frame bulldings so
heavily damaged as not to he worth re-
pairing.

Half of all hearing walln of bulldinga so heavily
damaged as no’, to ho worth repairing,

Half of all wooden-frame industrial typo
buildings so heavily damaged as not to be
worth repairing. More than half of all
trees in a modium denwo forest Gnocked
down,

..., ... Half of all parked aireraft no heavily damaged
to their nirframea as to require mnjor re-
pairs befora flying again,

0.3 . .. Extrome Hmit for damago to parked airoraft.

No afroraft outaide thin Hmit provented

from flyiu,:

16

Because of phenomena associated wita the
reflection of shock waves from a surface, the
damage area from blasi does not maximize at
the same height of burst for different over-
pressures. In Table VIII the values of heights
of burst to maximize the area subjected to
specific overpressures from a 1 KT bomb were
obtained from LA-743R.” The damage radius
of each overpressure is also given.

Heights of burst and radii of damage as
functions of energy release were then com-
puted by multiplying the heights of burst
given in Table VII1 by the cube root of the
energy release in kilotons which is the as-
sumed scaling factor for blast. Figure 10
gives the optimum heights at which various
KT energy atomic weapons up to 100 KT
should be exploded in order to produce the
maximum damage area for each overpressure
and within which the overpressure will be
equal to or greater than the given values.

Figure 11 gives the maximum damage dis-
tance from ground zero in yards within which
the overpressure is a given amount or higher
for the various KT encrgy weapons exploded
at the optimized heights for eacn overpressure
as shown in Table VIII. Figure 12 gives the
damage areas within which the overpressure
i8 a glven amount or higher for various KT
energy atomic weapons explndsd at heights
optimized for cach ovenpressure ~« in Figure
10,

' Helght of Burst of Atomic Bombd, LA-M3R, pp. 31,
3 August 1360

-
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in Figure 10

Figure 11.-—-Maximum Damage Distance from Ground Zero within .~iich the Overpressure ic « Given
Amount or Higher for Various KT Energy Atomic Weapons Exploded at Heights Cotimized as &hown
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Appendix B

TasLe VI

HEIGHTS OF BURST OF A 1 KT ATCMIC BOMB

REQUIRED TG MAXIMIZE THE AREL SUB.
JECTED TO SPECIFIC OVERPRESSURES

i KADIUS OF
HEIGHT OF |OVURPRESSURE

OVERPRESSURE (POUNDS
BURST (sm’r-‘ (STATUTE

PER SBQUARE INCH)

{LTS MILES) | MILES FROM

GROUND ZERO)
28.0 0. 12 0 142
120 0 175 0 261
80 0, 212 0. 383
.0 .. 0. 241 0. 473
4.0 N . 0. 284 0. 606
1.5 0 322 1 30
03 0 340 5. 50

The iast two lines of Table VIII were obtained by ex-
trapolation

OVER-ALL EFFECTS

As stated in Table VIII, the blast resulting
from the air burst of an atomic weapon repre-
sents the most important aspect of the atomic
burst as far as destruction of property is con-
cermed. The relatively long duration of the
blast wave compared with a few milliseconds
for a conventional weapon indicates that,
whereas in the latter case structures receive
practically the full impulse of the blast, be-
fore they have time to deflect, in the case of
atomic weapons the peak pressure is constant
over a relatively long period of time and,
therefore, considerable deflection of the struc-
tures will take place. According to the scal-
ing law used previously, the distance at which
a given overpressure is achieved varies
roughly as the cube root of the KT energy r¢
lease. The area over whicn tbe shock pres-
sure exceeds a certain value is thus approxi-
mately proportional to the two-thirds power
of the KT energy and will correspond to the
area of <ioi...ction because the length of du-
ration of the shock wave is relatively loung.
In other words, if the energy release is doubled,
the blast-damaged area is increased by the
two-thirds power of 2 or by a factor of less
than 1 6. The Japanese expe ience in which
a 20 KT weapon was exploded at a height of
600 yards indicated that virtually compiete
destruction will occur out to a radius of ap-
preximately one-haif mile from ground zero,
~orresponding to ar avea of destruction of
about three-quarters of a square mile, and

-l

T -

distance slightly greater than one mile from
ground zero corresponding to an area of four
square miles. For weapons of other energies
these distances and areas of destruction will
vary as described previcusly when the heights
of burst are scaled to maximize vhe blast effect.
The accompanying curves fully describe the
variations in damage effect for different ener-
gies and scaled heights of burst.

Against structures and personnel in areas
containing structures the greatest damage to
property will come from the explosion of an
atomic weapon esploded at a height opntimiz-
ing the blast effect since the secondary effects
of the blast in destroying buildings, in scatter-
ing debris, and in causing fires from stoves,
lamps, et cetera, together with the effects of
the thermal and gamma radiation will pro-
duce the greatest combined damage and per-
sonnel casualties. Against personnel or troops
im the open where there are no or very few
structures, it has been seen that little differ-
ence results in the ground radii of gamma and
thermal radiauon effects from weapons up to
100 KT by again scaling the heights of burst
according to the cube -oot of the KT energy.
For this range of energies it can be concluded
that the scaled heights obtained by maxi-
mizing blast effects will produce optimum re-
sults undar all conditions.

Estimates were made of the ranges for 100
percent, 50 percent, and zero percent deaths
and incapacitating casualties for various situ-
ations, and curves were drawn through these
three points with what appeared to be a prob-
able variation in slope. Some error may be
present, therefore, in ucsing single points.
Figure 13 summarizes the approximate lethal
and incapacitaving effects on personnel in the
open and wearing ordinary uniforms from
gamima and thermal radiation fo !-arst up
to 100 KT fur each of three atmospheric con-
ditions. ’

iigure 14 gives estimates of deeths and in-
caprcitations among treeps in t~2 oren ex-
posed tn = 20 KT atomc weapon eraded in
the air at a height of 600 yards for situations
when either the ordinary uniforn: is worn or
a special uni‘fuin previously described to with-
stand thermal radiation. Against men in the
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Appendix B

open in ordinary uniforms the effects from
gamma iudiation und, therefore, the predomi-
nant cause of casualties among such men will
be thermal radiation. Where special uniforms
are worn, thermal radiation damage is greatly
reduced and the gamma radietion will pre-
dominate as the cause of casualties. The esti-
mates of delayed deaths refer principally to
those caused by gamma radiation. In ad-
dition to the average estimated casualties,
drta showing approximate upper and lower
limits are shown. Attention is drawn to the
overlapping rvegions in this data. Similar
casualty information for any energy burst may
be derived.

Figure 15 gives estimates of deaths and in-
capacitations among troops in fox holes ex-
posed to a 20 KT atomic weapon exploded in
the air at a height cof 600 yards for situations
when either the ordinary uniform or a special
uniform designed to withstand thermasl radia-
tion is worn. This fox hole is considered to
be the smallest practical one the man can
dig and crouch into. In the present analysis
we have used a fox hole 20 inches widc by 30
inches long and 54 inches deep. The criteria
used in determining casualty data and ranges
included:

1. In the first one-half second before the
man crouches into the hole, he will receive ap-
proximately one-half the gamma radiation in-
tensity and one-tenth the thermal radiation.

2. The man who cannot fight after one-
half hour is considered a casualty to the tac-
tical situation.

3. 'The man in the crouched position in the
hole presents the surface of an ellipsoid to
the radiation coming from the fireball.

4, The o, .0le was estimated to provide a
factor of four in protectiv: ability over the
corresponding situations in the open.

As in the case of troops in the open, ther-
mal radiztion is the predominant cause of
casualties among troops in fox holes in ordi-
nary uniforms, end gamina radiation for those
in special uniforms. Gamma radiation alone
is considered to cauce delayed deaths. Upper
and !ower limits are again indicated.

The last two figures :clude also estimates
of the maximum tolerance effect on friendly

-

. Clusmcca!ion Safeg
troeps in the open and in fox holes when wear-
ing ordinary or special uniforms.

Figure 16 gives estimates of deaths and in-
capacitations among troops in the open and
in fox holes lccated in a medium dense wood,
corresponding to the Second Growth Yeliow
Pine Forests of North Carclina, when exposed
to a 20 KT atomic weapon expioded in the
air on a clear day at & height of 600 yards. It
is assumed that the men are in ordinary uni-
form. The estimates of casualties are based
on the blast effect on the forest, thermal radi-
ation including fires, and gamma radiation.
These curves represent average values. BDe-
cause of lack of specific information and to
account for variations in actual situations,
these curves are subject to deviations ci at
least =500 yards in range.

The approximate nature of all the preceding
estimates is to be noted and some caution used
in their application.

CONCLUSIONS

1. The most effective use of an air burst
atomic veapon of * 0 to 100 KT energy against
personne! is to .etonate it at an altitude op-
timizing the llast area.

2. At the preceding .1titudes the radii of
the areas of corresponding damage from blast
overpressures and thermal radiation are in-
creased by a factor arcund 1.7 and the areas
by a factor of 5 as the energy of the burst is
increasec. from 20 to 100 KT.

3. As the energy of the burst increases, the
thermal radiation, because of atmospheric
attenuation as well as the inverse square law.
increases only in a manner similar to the as-
sumed increase for blast areas, ie., approxi-
mately as the cube root oi the energy for the
radius.

4. For weapons up to 100 KT energy, atmos-
pheric attenuation on a very hazy day can
decrease the ground radius of the .. ;urious
thermal radiation intensities by a factor of
about 2 from the radius for that intensity on
a clear day.

5. ¥or energies up « 100 KT a'd detona-
tions ai aititudes optimizest for hi st, the
radius for 50 percent lethal thermai radiation
intensity for personrel in the open exceeds,
even under tie most adverse atmosprerie con-
ditions considered, the radius for 50 percent

25
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Appendix B

lethal (delayed) gamma radiation intensity
from bursts optimizing the nuclear effect.

8. For ail energies, the a~eas of nucicar
radiation contamination will be a maximum
when the aititude c* bursts is held to & mini-
muin  For this condition the radius for 50
percent lethal (delayed) intensity increases
from 20 to 10¢ KT,

PR

. ¥5r wirehiyies between 5 and 100 KT,
the radius for a given intensity of thermal
radiation, determined by optimizing the
height of burst for blast, differs less tban 10
percent from the radius for a constant 600-
yard height of burst. The radius of any ther-
mal racdiation intensity a: =2 increases ag,>roxi-
mately as the cube root of the eneryy.
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ENCLCSURE A

DISTANCES FROM GROUNE ZERO TO RECFEIVE A LETHAL DOSE
(40v K) AND A SICKNESS DOSE (190 R) OF GALZMA RADIATION
FEOM ATOMIC WEAPONS OF VARIOUS KT ENERGIES EXPLODED
AT ASSUMED OPTIMUM HEIGHTS SCALED ACCORDING TO THE
CUBE ROOT OF THE KT ENERGY USING 600 YARDS FOR 20 KT

From Sandstone Report, Vclume I1I, Fig-
ure 1 shows the curve of tae total gamma ray
intensity times the slant distance squared as
a function of the slant distance, obtained from
data from the 3ikini Able burst. Since the at-
tenuation of garam= ray intensity is exponen-
tial, this cufve is a straight line on semi-log
plot. In general, the equation v ill be of the
type

(r’Ry=ge->
and the equation of the straight linz will be
given by
In (PR)=In a—mr
When r=9, r’R=3.8X10"°=¢
and when r=2,175, P*R=10*
Therefore m=2.74X10~?

The final equation of the curve thus becomes

In (PR)=In (3 8%X10%)—2.74 X 10"

CONDITION A: TO RECEIVE A
LETHAL DOSE (400 R)

When R=400
In P=in (0.8 X 10 —{n 400—2.74 X 103

28

When the energy of the weapon is varied,
the exposure dose of 400 R will be experienced
at slant distance r given bv using a scaling
factor 20,T since the above equation holds for
a 20 KT burst at a height of 600 yards.

Therefore,

In 2= (3.8%X10"%) —In (400:<20/T) —
2.74 X 10—%r

or, finally

In P+2.794X10%r=In (4.75X10°T)

CONDITION B: TO RECEIVE
A SICKNESS DOSE

This ~ondition sumply substitutes R~<100
in the or-iginal equations and, scaled in the
same way, gives the final equation

In 42,74 X10"%r=In (1.96X10°T)

The values cbfained for slant distances and
norizontal distances from ground zero are
shown in Table 1 and Figure 2 for various KT
energies of the bomb, assumed burst at a
height given by 600X (T/20) 1/3 yards.

Assistance . rogri..!

L DOSE
‘IATION
’LODED
[0 THE
i 20 KT

e weapon is varied.
will be experienceu
by using a scaling

¢ equation holds for
of 600 yards.

n (40020/T)—

n (4.75X10°T)

AVE

substitutes R=—100
and, sceled in the
equation

1 (190X 10'T

slant distances and
1 ground zero are
ire 2 for various KT
sumed burst at a
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ENCLOSURE B

DISTANCE FRQM GROUND ZERO TO RECJIVE A LETHAL DOSE ETHAL DOSE
(65 cal/cm?) AND AN (NCAPACITATING DOSE (4.0 cal/cn) OF cal/cm?) OF
THERMAL RADIATION FROM ATOMIC WEAPONS OF VARIOUS KT VARIOUS KT
ENERGIES EXPLODED AT ASSUMED OPTIMUM HEIGHTS SCALED ;TS SCALED
ACCORDING 10 THE CUBE ROOT OF THE KT ENERGY USING 600 ;v USING 600

YARDS FOR 20 KT

e~
I (calicm®) =1, o

CONDITION B: HAZY DAY, ZY DAY,
VISIBILITY 4-6-8 Miles Miles

where I, is the initial therinal, rudiation in-
tensity (one-third of the total efier TO
the explosien, 7 is the slant distance from the
bomb to the ground, and « is the coefficient of
absorption of the thermal radiation by the air
in terms of visibility; and I is the intensity
received at any point r,

T
8.4 X 10% {ergs) X 20X X"

I=§ X4x X (4.1855X107) (ergs/cal) ~ 7% (cm?)

a=04Km=4.4x10—%/Yd. 1=4.4X10-YYd.

2lnr=In (64;’(10’)‘0”-[” I+l’n éj“d 107)‘-(11"-‘17{ I+ln -21—16-

. . T
2In r+44X10~4—17.9744+in I—-In 305 17.9744+1n I—In 2%:0

CONDITION C: VERY HAZY DAY, RY HAZY DAY,

(T=KT energy)
I
I 6.4 X107 X20 X e—xr
= —————-r,.;—-—-w—-‘
(r in yards)
and
T
_64X107X20Xem
CONDITION A, CLEAR DA,
VISIBILITY 10-12-2G MILES

a=0.2/Km=2.2X10-4Yd.
2lnr=In (64 X10)—ar—In F+ln (,7(;

2 in r4+2.2 X 10r4r—17 9744 4-In I-—Inii‘):{;

VISIBILITY 1-2.5-4¢ MILES 4 MITLES
a=1.0/Km=1.1X10"*/Yd. m=11x10-3/Y4d.
. T
2 r=(64X10"N>=ar--In I-Hnﬁ =ar—In I+l112£0

2l r+1.1X107%—17.9744 +ln I—-In ,770;17‘97444411 i—In %:—.:)

With the heights of burst scaied accg of burst scaled according
to the cube root of the KT energy, usinthe T energy, using 600
yards for 20 KT, the values of the horige values of the horizontal
distances from ground zero as a functynd zero as 8 function of
the KT energy giving various thermal #ng variou: thermal radia-
dun intensities are shown in Figures 3, shown in Figures 3, 4, §,
and 6. The values of grounrd distances vof ground distances within
which a lethal dose (6.5 cal/em?) of the (6.5 cal/em 2) of thermal
radiation in'ensity will be receiveri are swill be received are shown
in Table 4.
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ANNEX 2

WORLD WaE II TACTICAL SITUATIONS ANALYZED
WITH RESPECT TO ATOMIC WEAPONS

Prepared by
W. L. WHITSON E. 8. GILFILLAN, JR
K. D. BARTIMO K. C. HAFSTAD
D. K. CLARK W. B. HEINZ
A D. COCX N. M. SMITH, JR
W. B. COTTRELL S. H. TURKEL
G. N. DONOVAN W. H. WELLS

20 January 1950
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WORLD WAR II TACTICAL SITUATIONS ANALYZED
WITH RESPECT TO ATOMIC WEAPONS

SUMMARY

PROBLEM

The problems are to delermiine the effect
of using atomic weapons on certain World
War II tactical situations, and to set up tech-
niques of analysis which may be used in the
evaluation of atomic weapons employed in
ground operations.

FACTS

Existing reports have emphasized the value
of studying the use of atumic weapons in a
number of WWII situations such as Cassino,
St. Lo, Bastogne, Anzio, Falaise, Leningrad,
Moscow, Stalingrad, Kharkov, Normandy
landing, Iwc Jima, Crete, Okinawa, Cherbourg,
El Alamein, Volkhov, Orsha, Central Poland
January 1945 Berlin assault, Makin, and
Tarawa.

In reco. \mending study of these situatious,
the sugge:..on has been that the concentra-
ticns of personnel aind equipment were, in
these situations, most likely to be encugh to
warrant the use of atomic weapons.

Records of several of these situations have
been obtained, although in most cases it ha«
been difficult to obtain information ia suf-
cient detail. In some instances no informa-
tion was available about some phases. The
situations analyzed in the enclosures are:

Anzio

Cassino

El Alamein
St. Lo
Volkhov

US First Army

In addition to these actual situations the
Standard Operating Procedures for Offensive
Action of both the US and USSR are examined
11 Enclosure G.

Soom

Enclosure A:

AEYQw

Information on atomic weapons effects is
not yet sufficiently complete to allow a thor-
ough analysis. This is particularly true of
the effect on equipment. Even when the basic
information is more nearly complete, there
will be the further task of applying the basic
facts to all the various kinds of equipment.

The natural and artificial shielding afforded
by terrain, buildings, equipment, et cetera,
complicates analysis to the extent that sim-
plifying assumptions are requisite.

The work which is reported here is a first
spproximation only. With few exceptions the
analysis has been confined to determining per-
sonnel casualties.

DISCUSSION

A consideration of the effectiveness of
atomic weapons when employed in grounc
operations must, of course, include the pos-
sibility that the next war may be fought dif-
ferently, at least in some respects, than any
previous war has been fought. A contribut-
ing factor may well be the effect of atomic
weapons themselves. A first approximation
to the problem could te to first imagine that
an atomic weapon was used in a situstion
which in all other respects remained the same,
As a result of this firsi unalysis, changes in
the tactics and in the deployment of men and
equipment could be assumed including, for
example, special protective clothing or more
dispersal.

This has been the procedure in these stud-
fes. In most instances only the first approxi-
mation has been made: that an atomic bomb
was dropped ou the sitosiion as i actually
existed. It isnot pretended tbat axny of these
studies are complete and final. They do, how-
ever, seem to afford a profitable framework for
some prelimi=ary conclusicns.

N
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There has been a tendency in the past to
assume that on the average the targets set
up by ground operations were not profitable
targets for an atomic weapon. This is be-
lieved to be a resuit of the feeling that theve
were very few atomic bombs and that they
cost very much. Bcth concepts cre relative.
It was noticed early in this work that one
atomic bomb could do a great deal of damage
on one infantiry division. As a result, there
was a tendency not to find the most lucrative
argets from WWII but to see what damage
resulted in various kinds of operations. 'The
Volkhov analysis here is not of the Soviet situ-
ation which is presumed to involve very heavy
concentrations but of the German situation.
The US First Army was studied, not for heavy
concentration, but primarily to see what re-
sulted in more nearly average situations.
Finally, it was decided to set up a theoretical
situation corresponding as well as could be
done to the standard operating procedures in
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both the US and USSR armies. Again it is
emphasized that for the most part this is an
introduction to such analysis. It considers
mainly the effects on personnel and very little
the effects on equipment. Evea the effects
on personnel are idealized regarding, for ex-
ample, terrain effects, to the extent that the
estimates are in most rases .naxiroum cas-
ualties more nearly than ~xpected casualties.

CONCLUSIONS

A limited number of atomic bombs could
have been used very effectively in many WWII
situations.

During the phase of attack and preparation
for attack, an infantry division is much more
vulnerable 10 an atomic attack than when on
the defensive.

One air burst atomic bomb dropped with

even fair accuracy will cause severe casualties
to the personnel of one division of infantry.
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ANZIO BEACHHEAD

OBJECT

The object of this swudy is to determine
whether or not there was £ point at which
either the Allied VI Cevps or the opposing Ger-
man XIV Army could have made effective tac-
‘tical use of an atomic bomb on the beachhead
at Anzio.

CONCLUSIONS

The Allies could have achicved a break-
through by using an atomic bomb on 31 Janu-
ary 1944 in the region of Station Campoleone
around which the enemy was massing his
greatest troop concentrations in preparation
for a 1 February German offensive. At that
same time, if the Germans could have used an
atomic bomb against the Allied forces con-
centrated in a narrow salient south of Cam-
poleone, they could have split the Allied forces
on the beachheaZ in twe, inflitrated among
them through Padiglione woods, and probably
driven the VI Corps off the beachhead.

Note. 1t should be further kept in mind that
uniforms specially designed to reduce the
number of burns from the bomb flash are pos-
sible and very likely to be effective. The use
of such uniforms has not been assumed here.
Had this assumptinon been made, the computed
casualties would have been much lower. Also,
it has been calculated that fox holes offer very
good protection from atomic bomb effects at
distances from ground zero greater than 800
yards from ground zero. ¥inally, or:c should
remember thai the hypothetical weapons ef-
tects assumed here are grossly approximate
and that, within wide limits, no one really
knows what the effect of atomic bombs on
troops would be. This study is merely an at-
tempt to use the best available information to
estimate the casualties to be expected—noth-
ing more.

HISTORICA! *
The winter months of 1943-1944 found the
Allied forces in Italy slowly batiering their

*This account is frosn: Anzio Beachhead, De-
portment of the Army, Historical Division, 10 Oc-
tober 19047 and VI Corp: Historical Record. Anzio
Beachhead, January 1944,

Sediln

way through the rugged mountain barr’ers
blocking the roads to Rome. The main de-
fensive barrier guarding the approach to Rome
was the QGustav Line exteruing across ihic
[talian peninsula from Minturno to Ortona.
Buttressed by snow-capped peaks flanking the
Liri Valley and protected by the rain-swollen
Garigliano and Rapido Rivers, the Gustav
Line was an even more formidable barrier
than the Winter Line, Unless some strategy
could be devised to turn the defenses of the
Gustav Line, the Fifth Army faced anoJher
long and arducus mountain campaign. The
Allied staffs decided un a plan for landing be-
hind the enemy lines with the purpose of turn-
ing the German flank, gaining a passage tc the
routes to Rome and threatening the enemy
lines of communication and supply. Two di-
visions, plus airborne troops and some armor,
were to make the initial assault between 20
and 31 January 1944,

Main Flfth Army reinforced by two fresh
divisions from the 8th Army was to strike at
the German 10th Ariay across the Garigliano
and Rapido Rivers, Lreach the Gustav Line
and drive up the Lirl Valley. While the enemy
was fully occupied in defending the Gustav
Line, the surprise landing would be made in
the rear at Anzio and Nettuno, about 30 miles
south of Roms. The VI Corps was to land at
0200 on D-Day, 22 January, and secure the
beaches extending north and south from An-
zio for a distance of about six miles in each
direction. After securing the initial objec-
tives it was to be prerarcd to advance across
tne fiat hinterland in the direction of the Colli
Laziali hill mass which rises to a height of
3,000 feet and contrcls al! routes from the
ceath toward Rome. The capture of Collt
Laziali would block vital enemy sugply routes
and threaten to cut off the German troops
bolding the Gustav Line. Thus weakened,
the Germans could be forced ¢ withdraw up
the Lirl WVeliey from thelr Gustuv Line posi-
tions. Maln Fifth Army was to fol.ow up the
anticipated enemy withdrawal as quickly as
possible, link up with the heachhead force and
drive on Ruuie (Map 1).
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THE LANDING

At 0200, 22 Jauuary 1944, the landings at
Anzio and Nettuno commenced and by mid-
night of D-Day some 36,000 men. 3,200 ve-
hicles, and large quantitics of supplies were
ashore. This represented approximately 90
percent of the equipment anu personnel of
the assault convoy and included on the right
or southern flank the 3rd US Inf Div (con-
sisting of the Tth, 15th, and 30th Inf) in the
northern zone, the 1st British Infantry Di-
vi.ion (consisting of 3 battalions and the 24
Guards Brigade and 46 Royal Tanks), and the

6615th Ranger Force (consisting of the lst,
3rd, and 4th Ranger Bn and the 509th Para-
chute Bn) who destroyed existing defense bat-
ieries and cleaved the beach area between An-
zic and Nettuno (Map 2 and Table iX).
Although the landing itself was practically
unopposed, before the end of D-Day the Car-
mans were estimated to have £,200 1-oops in
areas from which they could drive rapidly to-
ward the beachhcad. They douhled the fig-
ure by D42 and continued to increase it to
71,500 by 30 Janhuary, at which time the VI
Corps had 61,332 troops, having twen aug-
mented by the arrival on 25 January of the

Map 2.—The Landing, 22 January 18¢7




15t Combat, Team of the 45th Div, the 178th
Inf, and the 135t 2rmored Div on 28 Janu-

ary.
TERRAIN

The area over which the VI Corps had made
1ts landing is a stretch of the narrow Roman
ceastal plain extending north from Terracina
acrnsg the Tiber River. Southeast of Anzio
the plain is covered by the Pontine Marshes;
northwest toward the Tiber it is rolling farm
vountry, often wooded, Twenty miles inland
from Anzic ihe plain is bounded by the vol-
canic hejghts of Colli Laziali, a 3,100-ft hiil
mass guarding the southern approaches to
Rome. East ~f Colli Laziali the mountains
fall into the valiey by Velletrie, leading inland
toward Highway 6 at Valmontone.

’ Q‘Mii’{ﬂ'}‘ﬂm‘
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The coastal plain around Anzio is divided
into three major sections. First is a8 5-mile
belt of low scrub timber interspersed with
bare, open flelds which encircles the port of
Anzio. This waste land proved of marked
value to our beahhead because it both
screened the port and beach areas from enemy
cbservers inland and affo:ded ~oncealed
dumps and bivouac areas for our troops.
North of this wocded section the beachhead
area is divided into two parts by the Albano
road, the main highway leading inland from
Anzio. West cf the road the plain is cut by
a series of stream guilies, the largest of which
arc the Moletta and Incastro running south-
west from the siopes of the Collt Laziali toward
the sex. These gullies are often 50 ft deep
and proved difficult obstacles for armor.

Tasrs IX
HEADQUARTERS VI CORPS
APO 306
Troop List
161200 January 43
Hq VI Corps 6540 Engr C Regt
Hq Co VY Torps Det 6th Cml Dep Co w/det 11th Cml Maint Co (17
3rd [nf Dy Jan)
8018t TY Bo 24th Cml Decon Co (17 Jan)

1418t AAA AW Bn

§5th Armd FA B

Btry B 36th FA

7518t Tk Bn

84th Cwm! Br

2d Plat 48th QM GR Co

Det 163d Sig Phota Co (6 men;

Det Btry B 15th FA Obsa Bn (42 men)
18t Inf Dhv {Brat)

Det 1634 8ig Photo Co (3 men)

Det Tt 8tg Ba {10 men)

Det 229th Sig Opc (o {15 men,

Det 57th Sig Bn {19 men?

A77th MP Escort .uard (o (lesc tar Plai)

23%th GT Covy (DUK WS}

11th Field Cash Office

1 See 26in s indd

Det J Serviee

46th Royal Tk Rgt /Bnt)

24th Armed Fid. Regt RA (105mm 81} (Bnt)

83th Med Regt RA (One Tiry 4.5, One Btry 5.5')

(Brit)

1 Flignt 653tk Asr UP 8q (Bt

Det 7;9 AASC (Bnit)

25th Field Surg Umt (Bnit)

2 Secs 485th Army Fld, Serv ACC (Buty

Det isi Reception Camp 1Rrit)

$73d PW Camp {Brit)

3d Reach Gp (Brit)

9th Reach Sig See {Brit)

36

66th Ord Am Co
Det 45tk Ord Bn
Cos A & B 52d Med Bn
Det 2d Aux Surg Gp (3 teams)
18t Sec Adv Plat 12th Med Dep Co
1st & 2d Plats 33d Field Hosp
Co A 504th MP Bn
Det 85th QM D=p Co
st Sec 2d Plat 47th QM GR Co
1st Plat 94th QM Rhd Co
249th QM Serv Bn (less Cos A & B)
1st Plat 88534 QM Gas 8up Co
690th AAA A/B MG Btry
/924 AAA A/B MG Bicy
st Plat 377th MP Eszort Guaré Co
Cos A & D 387th Engr Bn Sep
Det 462d Engr Dep Co (12 men)
74th 8ig Co (Spec) atchd;
Det 212th Sig Dep Co
Dot 180th Sig Rep Co (12 man?
Det 817th Sig Port Serv Co
Det Brit Sig 1st Inf Div (Brit)
Medical
924 Evac Hogp
95tk £ .an Hoap
Det 2d Aux Sur Gp (9 tesms)
524 Med Bn (less Cos A & B)
33d Ficld Hosp (izss 1st & 2d Piate) 12th FTU (lrit)

58th Evac 1o o
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oM
53d QM Try« Ba (less Co A
94th QM Rhd Co (less 1st Plat)
3853d QM GS Co (less 1st Pla’Y
52d QM Br- Mobile
Hq & Hq Det 488th Port Bn (20 Jan)
188th Port Bu (20 Jan)
189th Port Br (20 Jan,;
190th Port Bn (20 Jan)
191st Port Bn (20 Jan)
6723d Trk Cp, Prov
Co A 249th GV Bn (Serv)
o615tk Runger Force (Prov)
1st Range de
3d Ranger Bn
4th Ranger Bn
509th Prcht Inf Bo
83rd Cmi Bn {less Cos C & D)
Co H 38th Engr C Regt
Det 183d Sig Photo Co (3 men)
Det 57th 8ig Bn (27 wmen)

504th Prchi Inf Regt

376th Prcht FA Bn

Co (' 307th A/B Engr Bn

Det 163d Siz Photo Co (3 men)
68tk CA Regt (AA) (less Sd Bn)

106th AAA AW Bn

Tet 1024 AA Bln Btry (VLA)
FA

18t Bn 77th FA Regt

1<t Bn 36th FA Ragt (less Btry B)

Biry B 15th Obsn (less Det)

Tank Destroyer
894th TD Bn

Eust of the Albano road gently rolling cul-
tivated fields stretch east toward Cisterna.
Along this region of open country, extending
north from the firal rai'road overpass on the
Albuno road past Carroceto and Campcleuuse
to Colli Laziali i..es the best avenue of ap-
proach in or out of the beachhrad, which was
to be the scene of major German and Allied
attacks. On the east these fields shade into
the northern edge of the Pontine Marshes, a
low, flat region of irrigated flc'ds interlaced
with an intricate network of drainage ditches.
Their treeless, level expanse offers scant cover
for any iiocps, and during the ramny season
heavy equipment would bog down in the fields.

The entire area Is spotted witlt new stand-
ardized two-siory poder!, or farmhouses,
standing at frequent intervals along the net-
work of paved and gravel roads crisscrossing
the farm lands. (See Suppiciuent C.)

W

TasLe IX (Coniinued)

MP
Hq & Hg Det 504th MP B
Co C 504th MP Ba
206th MP Co
Engrs
Co B 405th Engr WS Ba
36tk Tngr C Regt (less Co 4,
39th Engr C Regt
661st Engr Topo Co
Cos A & C 387th Engr Bn (Sep;
1 Plat 462d Engr Depot Co
(less Det) (on arrival)
&67th Sig In
Det C 7ist Sig Co (Spee)
Det B 128th Sig {R?) C»
Det E 819th 8ig Int Serv
#1 Lp Ln Det (Cipber)
Det, 1€3d Sig Photo Co
Det 180th Sig Rep Co
CWS§
Cos C & D 3d Cml Bn
Ordrance
Hq & Hq Det 44¢h Ord Bn
14th Ord MM Co
45tk Ord MM Co
Det 526.h Ord Hv M Co {TK)
3407.h Ord MM Co (())
58th Ord Am Co
56th Ord Bomb Disp 8q
British Urats (Corps Troops)
15th Stores Sestion
2 C8
1548 Arty Pl RASC
15101 Arty Pl RASC
12 FTU

24-23 JANUARY

An area approximately 7 miles deep by 15
miles ¥ide around Anzio was chosen for con-
solidation as the initial Allied beachhead. Its
26-mile perimeter was considered the maxi-
mum whick; could be held by General Lucas’
limited forces, yet incluae the best natural
features for defense. The Ailies consoiidated
their position on the beachhead during 24-29
Janusry. By 29 January, the VI Corps had
expanded ils beachhead by the a«.:.ces of
the ist ana 3rd Div but was still from 2 to 4
miles short of its {wo inlermediate objectives
of Cisterra and Campolcone (Map 3).

in view 2f the rapid'y wcreaswig enemy
huild-up, General Lucas decided to launch a
drive toward Colli Laziali on 30 Januacy be-
fore his forces might be too greatly outnum-
bered. Fietw order #20 was issued. It em-
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bodied the plan for a Corps attack on 30 Janu-
ary to seize the high ground in the vicinity of
Colli Laziu., ~lock the highway leading south-
east out of Rome, and prerare to continue the
advance on Rome. The 3rd Div with the
Rangers and paratroops was to atiack on the
morning of 30 January, capture Velletrie and
consolidate the suirounding rea, then seize
Albano and Cenzanc snd the surrounding
high ground and prepare to advance north.
The 1st Armored Div, minus Combat Com-
mana B was to advance along the Anzio-Al-
2ano road, seize high ¢round west of Marino
and continue northward to cut the roads lead-

38

Map 3.—Expanding the Beachhead, 29 January 1944

ing east and southeast isum Rome. The 45th
Div, minus the 179th RCT was to prepare to
attack tn the north and east on Corps order ?
(Map 4).

The Germans originally plarned .. counter-
atiack the Allied beachhead in force on 28
January. But. Alfied bombings of roads and
railroads and & desire to await the arrival cf
reinforcements fron. Germany » 4 0 a de-
cision .u 26 January to postpone . aftack
until 1 February. In preparaticn, the enemy

*The Mou:ting and Initial Phuse ot Operaiion
“Shingle,” VI Corps Historical Rec.rd, January 1944.

foswim




Appendix B 2 ¢ Aow
ROME
\\\
\\
~
o
~
‘\f*

75 GROTTA FERRAT;?

Athed Front Line

% KON ROUTE
TS PHOTO RGN ROUTE

Map 4.-—The Allied Offensive Plan, 28 Janudry 1944
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Usé ARl

proceeded to arrange his infantry and artil-
lery into 3 combat groups. The principal as-
sault vas to be launcned southward along
the Albano-Anzio road (with main coucen-
trations on either side of the Factory) by Com-
bat Group Graeser which would consist of 17
infantry battalions heavily supported by ar-
tillery. While the main effort was to be made
in the center, the Germans pianned to launch
simultaneous attacks all along the front with
their remaining 19 infantry "atialions, on the
morning of D-Day, 1 February (Map 5).
While the necessary regroupings were
underway the Allied VI Corps launched its of-

*Analysis of Military Assistance Program

fenisive on 30 January forcing the Germans to
postpone their atfack.

THE ALLIED OFFENSIVE OF 30 JANUARY

ATTACK ON CISTERNA,
30 JANUARY-1 FEBRUARY

On 30 January the 3rd Div launched its
drive to cut Highway 7 at Cirfzrna (Map 8).
The 1st and 3rd Ranger Battalions were to
start one hour hefore the main aftack and
infilirate under cover of darkness 4 miles
across the fields to seize Cisterna by surprise.
The 7th Inf was to operate on the left of the
Ranger Force and the 15th Inf on the right.

\

GROUP GRAESER
\ 3cd PZ Gren DIV
26th PZ Gren DIV

GROUP PFEIFFER
65th INF DIV :

Parts of 41h Parachts v/ G ARRGEET O

®/oup piELTTER

48 infartey 9ivision
¥ tnf Pattarione
§ inf Fustdier Battalion

s
| Engineer Batlalion = 145th
| Ergraner Battal.on - 22nd - 2 c0 8

e wiscr

A 3ve Peszar Divaalas
3 infastry Battalion, (seterized)
» brmored infeatrs Battalions
B getr Panzer viwtee o
& hrmucad Infantry Batlalions
€ Tint infentry Fovisien (moterized)
& intantey Satiatises
I Enpocone Bottation = 3rd
[ 2 Tiem ~
| Arwccod taginesr Tattaloes - $3r¢
| Enginenr Battalion - 7(§th - 2 co's

Qe

2 Infantry Batteliome

©vus'lise Sattalion

I Armored Infantry Battaliens

i iafantry Sattalion - (IWLY fnfsntry Divisien
¢ Engtoeer Battalin - 1710t

UM 10X RS LINRIGAE Yt T
1 efeatey Battaivens

B Lrgdt Machine S Patislions
| Armorad Eapineer Satlaliem

TOTA. 34 Infantry Bat2elidas and § Engisser Battalions

KORPSRESERVE/
V T151h INF DIV
S_'LA’Q}:MPOLEONE
\

S
GROUP RAAPKE
Tist INF DIV
Paris ot i4in

[+]
o e
9

3rd Baltations
Hermon Goenng

\

GROUP PZ DIV H7

Vi 5---German Troops and Plan for 1 Februar s 1944 Offensive
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Map 6.—Fxpandirg ine 3eachhead, 31 January 1944

The initial objectives of all three units were
points on Highway 7.

The infiltration of the Rangers had been
observed oy «ue Germans and allowed to con-
tinue until practicaily the entire US force had
entered the triangular area immediately south
of Cisterna. The Germans occcupied the
houses along all 3 roads berderiug the tri-
angular area as »ell as dug-in positions. The
force had been reinforced the preceding night
in anticipation of a US attack on Cisterna.
Suddenly and simultaneously concentrated
hostile fire was deiivered on the exposed
n.anger personnel anG .:.Cre was no cover nor

T

escape. Of the 767 Rangers attacked only 6
escaped. The 7th and tnhe 15th Inf gained
but one and one-half miles in the first day’s
attack. By noon of 1 February it was clear
that the 3 divisions fiyhting on a 7 mile fron:
toward an objective 3 to 4 miles aw.; and ex-
hausted by 3 days of bitter fighting, could
not hope to take Cisterna in the face of ever-
increasing enemy troops. They dug in, there-
fore. at Ponte Rotto

CAMFGLEONE STATION

While General Truscott on the right drove
on Cisterna, the VI Corps made its main effort
toward Colli L.ziali along tae Albanu road.

4]




m | I Iy v
Atoric lfnr:y Act 4 X o3
Steciie Rediggaeted Data Cle

Use Mt o2 GFI

The plan provided for the British 1st Divi-
sion to breach the enemy’s main line of re-
sistance by seiz. g the crossing at Compoleone
{Map 6). The US 1st Armored Div was to
wait until the British had takern the road
junction at Osteriacci, 1,000 yards north of
Campoleone, then a column. of ike 1st Ar-
mored Regt (minus the 3rd Bn but with the
3rd Bn 304th Parachute Inf, and the 27th
Armored Field Artillery Bn attached) was to
pass through the British and attack up the
Albano road. The 1st Div would follow as
quickiy as possible. Meanwhile, the 6th Ar-
moted Inf with the 3rd Bn, 1st Armored Regt
in support, was to seize the two and one-half
miles along the railroad bed designated in the
original order as the line of departure and
then prepare to attack north.

The efforts of the 1st Armored and 1st Div
to break through along the Albano road did
not succeed. The 2nd Bn Sherwood Foresters
and tanks of the 46th Royal Tanks fought
their way across the railroad embankment at
Campoleone but were stopped by the 29th
Panzer Grenadier Regiment firmly en-
trenched in the houses lining the road from
Campoleone to Osteriacei. The commander
of the 3rd Brigade withdrew his infantry to
allow tanks and artillery to soften up the Ger-
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digure 17.—~DUKWs of the Fifth Army Cotmag Ashore
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man defenses. The light regiment (1st Bn,
1st Armored) and medium regiment (2nd Hn,
1st Armored) were unable to cross the rail-
road embankment because of severe enemy
fire from the fortified houses some 300 yards
beyond the railroad. The effort of the 1st
Armored and 1st Inf Div tc break through
along the Albano reaa had not succeeded.
While the drive on Campoleone was in prog-
ress, 2 battalions of the 6th Armored Inf to-
gether with supporting tanks were halted by
extremely heavy small arms and antitank fire
from Germans entrenched in farmhouses
across the line of advance.

Thus the Allied attack had reached Caiapo-
leone and opened a 2-mile gap between the
German 65th Infantry Division on the west
and the 3rd Panzer Grenadier Division hold-
ing the center of the German line east of
Campoleone. The Allied troops had driven 14
miies inland from Anzio to within 5 miles of
Colli Laziali, but they lacked the strength to
break through at Cisterna and Campoleone.
The enemy had built up a strong system of
defenses barring the approaches to Cisterna
and Campoleone. Every house was converted
into a strong point. Peducing each house was
a small separate opera ;ion requiring tanks and
tank destroyers to demolish the building be-

by
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fore the infantry could move in.  Allied troops
again found, as they had all through the
Italian campaign, the excellent fortification
value of the heavy sicne construction of
Italian farmhouses.

The VI Corps attack out of the beachhead
had spent itself in the unexpectedly strong
German defenses. It was expected that the
enemy bositions before Cisterna and Campo-
leone were mere;:, delaying positions with the
maijn line of resistance on the high ground of
Colli Laziali and the Lepini Range. Instead
the enemy, appreciating the value of these key
road juncuons and the limited strength of the
opposing forces, determined to make a stand
before Cisterna and Campoleone. Every house
and village was converted into a strong point,
and thesc were connected by well-camcufiazed
machire-gun nests and rifi: pits. Allied
troops further encountered massed artillery
and Nebelwerfer fire in a way seldom employed
by the Germans in Italy.

Every advantage of terrain lay with the
enemy. On the left nzuk US armor proved

.

Figure 18.—An Ammunition Bunker, Anzlo

incapable of surmour ting the natural ob-
stacles presented by rough streams and gul
lies and ground made soggy by repeated rains.
On tke right flank the route of advance lay
over open muddy flelds, offering scant cover
to the attacker while providing excellent flelds
of fire for defending tioops. January rains
made ground movement difficult and low
clouds during the crucial period of our at-
tack severely hampered air support.

1n anticipation of an enemy offensive, Al-
lied reinforcements were brought to the beach,
the VI Corps by 4 February numbering nearly
100,000 men, exclusive of service troops. The
Germans were estimated to have 110,000 men.
The enemy build-up had become =u {.reaten-
ing that all units by 3 February had begun
prevarations of defensive positions to meet the
expected German assauit.

AILTYFIy USE OF Anv ATOMIC R MB

The Germans had planned a principal as-
sault to be launched on 1 February southward
along the Al~zno-Anzio roasi by Combat Group
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Figure 19.—An Aerial Shot of Allied Troops Dug in Along Mussolini Canal, 18 February 1941

Graeser which would consist of 17 infantry

~ battalions heavily supported by artillery

(Map 5). Thus, 17 of the German’s 30 com-
bat infantry battalions were distributed
around the remainder of the 26-mile perimeter
and 6 battalions were being held in reserve.

Assuming that 75 percent of these 17 bot-
talions were in *he open, and thai the 17 bat-
talions were on the average a mile and a half
from ground zero (Station Campoleone), the
troops in the open would have suffered 45
percent d:awuis and 53 percent hospitaliza-
tions, if the Allies had dropped an atomic
bomb on the night of 31 January at Station
Campoleone (Figure 14).

The way would then prokably have been
open for an Allied breakthrough and the ob-
jective of Field Order #20, namely the seizure
of the high ground in the vicinity of Colli
Leziall by the Ist Div, would have been
achieved.

44

GERMAN USE OF AN ATOMIC BOMB

By the evening of 30 January the VI Corps
had 8 infantry and 6 armored battalions in a
narrow salient extending from south of the
Factory (Aprilia) to Campoleone (Map 6).

Assuming that the 6 infantry battalions
were in the open, the Germans, by dropping
an atomic bomb in the vicinity of the Fac-
tory, would have killed 3,097 Allied soldiers
and hospitalized G630 cf the total Allled In-
fantry strength of 5,400 men in the vicinity of
the bomb buast.

Reference to Table X shows hew these cas-
ualty figures were computed. T.o first col-
uran lists the battalions in the area on the
evening of 30 January. The 6 armored bat-
talions are assumed tc be protected from the
effeet of an atomlc L.t The € 'niantry bat-
talions, va the other hand, are assi..ed to be
in the open and unprotected. They have an
average strength of 900 men each, or a total
infantry farce of 5400 ruen. The distunce
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that each battalion would have been from a
bomb dropped in the vicinity of the Factory
was measured from Map 6 and is given in
column 2 of Table X.

The percentage of deaths and hoopital cases
resulting from the dropping of the bomb can
then be read from Figure 14 and the actual

Speclné Re:

Use hillitary Classification !
numerical values computed. (See columns 6
and 7 of Table X.)

By wiping cut these infantry troops the
Germans might have been able to assume the
offensive and drive the Allies from the beach
in the next few days.

TABLE X
COMPUTATION OF CASUALTIES—ANZIO

1 2 3 4 5 i ] 7
ESTIMATED | ESTIMATED | DISTANCE PERCENT PERCENT NUMBER NUMBER
NUMBER NUMBER ‘ FROM DEATHS HOSPITAL- KILLED HOSPITAL~
PERSONNEL| IN OPEN GROUND (v) | 1ZAT.UN IZED
ZERO ! (w) L
yards
2nd Bn—FOR Inf Q00 800 4, 260 24 7 22 63
1st Bn—S8G Inf 900 900 2, 030 92 5 7.5 833 68
18t Bn—NS Inf 900 900 4, 190 25 8 23 72
5th Bn—GG Inf 900 900 2, 610 46 5 51 419 459
ist, Bn—IG Inf 900 900 1, 670 u8 2 882 i8
6th Bn—Inf 900 900 730 100 0 900 0
1st Bn—1st Armd 700 3,480
2nd Ba—1st Armd 700 2,730
1 Bn 46th Royal Tanks 700 3, 480
3rd Bo—1st Armd 700 3, 130
1 Bn—Recce Armd 700 3,160 o
1Bn—6th Armd 700 2, 550 L. .
Total 3,079 680
- 45
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THE BATTLE OF CASSINO

OBJECT

The object .of this study is to determine
whether or not either the Allies or the Ger-
mans could have made effective tactical use
of an atomic bomb at Cassino.

CONCLUSIONS

Since the Germans were so thoroughly dug
in as shown by the fact that they were able
not only to survive but actually were in a
stronger position following the exceedingly
heavy bombing of 15 March in which 1,290
tons of high explosives were dropped by the
Allies, it is very doubtful that the Allies would
have been able to get sufficient enemy troops
in the open to make effective use of the atomic
bomb and secure the use of Highway 8 to
Rome. On the other hand, the US troops
were not well dug in and were concentrated
in an area of less than 6 square miles so that
it would seem that the Germans could on 12
February have eliminated all etfective Allied
resistance before Cassino by using an atomic
bomb.,

Note. It should be further kept in mind
that uniforms specially designed tn reduce the
number of burns from the bomb flash are pos-
sible and very likely to be effective. The use
of such uniforms has not been assumed here.
Had this assumption been made, the computed
casualties would have been much lower. Also,
it has been calculated that fox holes offer v-r,
good protection -om atomic bomb effects at
distances from ground zero greater than 800
yards from ground zero. Finally, one should
remember that the hypothetical weapons ef-
febts assuii.w here are grossiy approximate
and that, within wide lirits, no one reslly
knows what the effect of atomic bombs on
trocps would be. This study is merely an at-
tempt to use the best available information
to estinate the casualties tc be expected—
nothing more,

INTRODUCTION

The Italian campaign had been in progress
for slightly more than 4 months when the

oo’

US rirth Army reached the Gustav Line about
15 January 1944. During the preceding
period, Lt Gen Mark Clark’s for.es had driven
the Germans from the beaches of the Gulf of
Salerno, past Naples across the Voiturno River,
and through the Winter Line barrier of moun-
tains. By the middle of January the enemy
had withdrawn into the formidable Gustav
Line behind the Garigliano and Rapido Rivers.

On 15 January 1944 this line was garrisoned
by the XIV Panzer Corps with the 94th Gren-
adier Division spread thinly along the Garig-
liano, the 15th Panzer Division on the upper
Garigliano and the Rapido to Cassino, the 44th
Grenadier Division from Cassino 4 miles north
to the village of Cairo, and the 5th Mountain
Division on an 11-mile front to the northeast
from Cairo before the FEC (Map 7).

For reserves XIV Panzer Corps could draw
on the 3rd Panzer Grenadier, Hermann Goer-
ing Panzer Parachute, and 29th Panzer Grena-
dier Divisions. Regrouping was under way
behind the enemy lines to halt the advance of
the Fifth Army; the 7'st Grenadier Division
came from Trieste to the 44th Grenadier Di
vision sector in the center, arriving on the
17th of January, and the 90th Panzer Divizion
was moving from the 8th Army front to bolster
the Garigliano line.

The Fift: Army front at the beginning of the
offensive against the Gustav Line extended
more than 35 miles from the Tyrrhenian Sea
to the Abruzzi National Park in the central
mountain divide. Fifth Army had seven di-
visions and early in February got as reserve
the New Zealand Corps made up of the 2nd
New Zealand Division, tlie 4th Indian, and the
British 78th Infantry Division. The Fifts
Army could expect neither substat.... US re-
inforcements nor reserves to be available to
support the attack on the Gustav Line,

TERRAIN AND ENEMY DETFENSES 16

Rivers .nd meuntain nausses max-~ ‘he ter-
rain of the Gustav Line une of the most diffi-

* History of the Fifth Army, Part IV, pp. 5-8 (CON-
FIDENTIAL)
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Map 7.—Fifth Army Front, 15 January 1944
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cult for offense in all Italy. In part the Gus-
tay Line was based on watercourses and in
part it took advontage of the mountain masses
flanking the Liri Valley on both the north
and south. The Rapido, Gart, and Garigliano
form a continuous curving line from Mount
Santa Croce on the north to the Tyrrhenian
Sea on the south.

Beginning in the Fifth Army zone at Mount
Marone, the Gustav Line ran southeast to
Belvedere Hill (721 meters) and then south
to Monastery Hill (510 meters) which was
crownied by the Abbey of Monte Cassino that
overlooked the city of Cassino. From the
valley floor 40 meters above sen level at Cas-
sino, the hills on the west side of the Rapido
rize steeply to the great bulk of Mount Cairo
(1,669 meters) four miles northwest to Cas-
sino. Beyond Cassino the Gustav Line ran
behind the Rapido and Gari to the Liri and
west of the Garigliano through the rough and
steep mountains centering at Mount Majo
(940 meters) on to the sea at Mount Scauri.

The two principal routcs leading into the

g . L A PP
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area of the Gustav Line are Highway 7 along
the coast and Highway 6 on the norih side
of the Liri Valley. A north-south road from
Atina to Highway 7 follows the Secco and
Rapido streams, passes through Cassino and
then follows along the west side of the Rapido
and QGarigliano Rivers. All of this road south
of Cassino was under Qerwan eontrol ai-
though enhiect to our artillery fire. North
of Cassino the road was under enemy observa-
tion and aruillery ire. Most of it from Atina
to the Rapido ran through enemy territory.

There were in general fewer and less care-
fully prepared defensive works at each end
of the Gustav Line than in the center. On
the north the mountains themsslves were tre-
wmendnus obstaclzss. Here the enemy followed
the customary practice of siting many mox-
tars and machine guns on the reverse slopes,
while automatic weapons in well-camoufiaged
emplacements covered the forward slopes.
Mine fields blocked natural avenues of ap-
proach and every trall was swept b machine
guns,
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The strongest portion of M1t line was known
tu extend from the village of Cairo south to
Sant’ Ambrogio en the Gariglianc, Above
Cassisu the walicr of the Rapido had been di-
vested onto flat g@round east of the river mak-
g the area tou soft for armeor. The ap-
proaches to the river weie extensively mined,
Bands of wire were stratched along the west
bank and more mine £:1ds were leid botween
the river and the mountains. Very carefully
constructed emplacements were blasted and
dug into the steep, barren slopes west of the
river. Large enough lo contain living gquar.
zers for troops, these concrete and stecl fortifi-
cations could withstand diveet hits by artillery
shells. Concealed communication trenches
led to machine-gun ¢inplacements. Fields of
fire were cleared and se inter-tockerd as to com-
mangd all approaches from the east. BSteep
slopes seamed with deep ravines were nurer-
oud in the mountsins north and northwest of
Cassino, this terrain was thoroeghly crganized

,""'.; i
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with wire, felled trees, concrete bunkers, and
steel-turreted wmachine-gun  emplacemen‘s.
Ohservation posts in the movntains and in
the abbey perched on Monastery Hill gave the
enemy a perfect view of the approaches to the
Rapido.

Cassino was more strongly fortified than
any other city thus far enco wntered by the
Fifth Army in Italy its stosie bundings and
narrow streets were admirably suited for de-
fense. Snipers snd troops with automatic
wegpons were garrisoned in strategically lo-
cated buildings. Ifachine-gun emplacements.
reinforced with foncrete and stevl rallroad ties
were concealed within the buildings. Self-

propelled guns and tanks guarded every ap-
proach to the town and a series of hills and
ridges provided close-in defenses behind the
toewn. On the slopes of the hills were nunier-
ous machine-gun empiacements blasted out of
the rock. The north-south roads from Cairo
to Sant’ Elia and Highway ¢ from the south-

Figure 21.—View of Cassino, 8 February 1944
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Figure 22.—Interior of German Bunker Consiructed of Three Feet ¢f Reinfoiced Concrete sn All Sides
and Top, Roof Supported by 8 x 8 Inch Planks and Railroad Rails Inside ard Outside oi the Ceiling

east weve mined and covered by artillery, mor-
tar, and Nebelwerfer fire. The muddy plains
to the east were thick with mines and wire.

Though lacking the advantage of Cassino,
the Rapido line south to the Liri Valley was
also thoroughly orgsnized. Mines and wire
guarded the approaches from the east. Cther
mine fieids and r Jre wire iay west of the river.
Pillboxes and machine-gun emplacements in
stone buildings cuvered the fortifications. Ar-
tillery and Nebelwerfers farther up the valley
and defilz. .. in high ground on either side
could cover nearly every foot of the river.
South of the Liri River the Gustav Line was
less sirongly fortified than the Rapido sector.
Here too there were extensive mine fields 2nd
wire barriers, steel pifiboxes anu concrete bunk-
ers, but the enemy depended upon the moun-
tains which he considered to be practically im-
passable to turn the scaie against the Allied
troops. Again, the reverse slopes were

strongly organized while automatic weapons
or forward slopes covered possible approaches.

The enemy, quick to shift reserves where
most needed, could operate behind a mask of
hills; nearly every daylight move by Allied
forces toward the Garigliano could he observed
by the enemy west of the river.

The Italians considered the area as an im-
pregnable obstacle to any army attempting
to capture Rome from the south. The Ger-
mans were dcicrmined to prove the validity of
that assumption.

STRATEGY

The Fifth Army was to “make as strong a
thre.st as possible towards Cassino and Frosi-
none shortly prior to the assevli landing (ie,,
alb Anzio) o diaw I cncmy reserver which
might be employed wgainst the landing forces
(at Anzio) and then to create a breach in his
front throusgh which every opportunity will

5




Figure 23.—One of the Crude Shelters Built by Scldiers Who Fought for Hangman’s Hill near Monte

o

Cassino

be taken to link up rapidly with the seaborne
operation’ ' (I4ap 8). The 8th Army was to
make what amounted to a holding attack to
prevent the Germans from transierring divi-
sions from the ncrthern sectos of the front to
that opposite Fifth Army.

" Operations Instructionn WNo. 32. Genera! W R
Alexander, 2 January 1944; reproduced in History
nf 5th Army, Part IV, Appendix A (CONFIDEN-
TIAL).
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Thus, as a result of the decisior to land cn
Anzio, the Fifth Army was com*wi.ed to &
strong attack on the Gustaw Line at once,
Geoeral Clark’s plans for the attack were
issued on 10 January, the schedule being:

12 Janvooy—FRC dnive oo enemy’» left to-
ward Sant’ Elia.

15 January—II Corps drive in the center to

take Mount Trocchin.
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Figure 24—During the Artillery Bombardment of Cassino the Csssino Castle on the Small Hill in the
Foreground and the 8t. Benedictine Monastery on the Summit Above Were Unharmed by American
Shelling, 6 February 1044

17 January-—X Corps attack to envelop the
enery’s right by crossing the
Gangliano in the Minturno area
and pushing rapidly north to-
ward San Giorgio. Simultane-
~usly X Corps was to establish
a second bridge. :ad at Sant’
Ambrogio to protect the left
fiank of the II Corps.
18 January—II Corps frontal assault over the
Rapido in the vicinity of Sant’
Angelo in Teodice.
22 January—VI Corps ilanding at Anzio to
threaten enemy’s rear.
The French (FEC) forced the Germans to
evacuate Sant’ Elia on 15 January; the II

0

Corps captured Mount Trocchio on the same
day. The sritish X Corps attempted the
crossing of the Garigliano River on 17 Janu-
ary. By 8 February the X Corps bridgehead
across the Garigiiano had reached its limit.
The outer defenses of the Gustav Line had
been breached and the 46th Div of the X Corps
had captured about 6 square miles niortheast
of Castleforte. When the 56th Div was sum-
moned to reinforce the Anzio beachhead, the
plan to drive up the Ansonia Valicy was aban-
doned snd 4iic X Corps weut on the defensive,
The bridgehead was to prove invaluabie in the
May drive but it was of little immediate value
in breaking the Gusiav Line (Map 9).
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THE 36TH DIVISION AT RAPILO

Tiie 36th Div was to carry on the principal
mission of the II Corps by establishing a
bridgehead n the Sant’ Angelo area as far
west as Pignataro (Mayp 10). Then, on Corps’
order, Combat Comruand B of the 1st Armored
Div was to pass through the bridgehead and
atlack toward Aquino and Piedimonte. The
91st Cav Ren Sq was to screen the left flank
during this exploitaticin. On the Corps’ right
fiank the 34th Div was to demonstrate in con-
junction with the attack of the 36th Div to
hold the enemy on the Cassino front. The
34th Div was also to prepare plans to attack
Cassino from the east or from the south
through the Sant’ Angelo bridgehead, or to
pass through the 36th Div to continue the
Corps’ effort on the northwest. In brief, the
plan called for a wide envelopment south of
the Cassino position,

The Rapiric River south of Highway 6 is a
narrow but sw.i su,eam. Varying in width
from 25 to 5¢ ft, it flows between nearly ver-
tical banks 3 to 6 ft high. In January tbe
water was from 9 to 12 £t deep. Sant’ Angelo
is built on a 40-ft bluff above the west bank
about midway between Cassino and the Liri-
QGari junctions. This bluff slopes to the north
and south; there are no bluffs on the east side
of the river. The town, therefore, gave the
QGermans observation over much of the river
and a large area to the east. Observation
posts in the Abbey of Monte Cassino provided
perfect coverage for the area between Mount
Trocchio and the Rapido. Fiic: to the cross-
ing ao rain o. consequnce had fallen for ap-
proximately 10 days but previous continued
rains had so soaked the entire area that the
flat areas which stretched on both sides of
the Rapido River from 2 to 600 yards were
soggy and impassable for track laying vehicles

in large areas near the stream. During the
period 20-24 January heavy dense fog coverad
the Rapido Valley during most of the night,
during the morning, and during the early
afternoon. After 1400 the fog thinned some-
what and by 1600 visioility had reached 700
to 800 yards A <nort time after sundown the
fog closed in again.

The 141st Regt and the 143rd Regt at-
tempted the crossing on the night of 20-21
January and again on 21-22 January. On
the first attempt 2 companies from the 1st
Bn of the 141st Regt and the ist Bn of the
143rd Regt crossed to the west bank but had
to withdraw because of heavy casualties. In
the second effort, the 143rd Regt succeeded
in getting 2 companies of the 1lst and 2nd
Bn across and the 3rd Bn, and the 141st got
the 3rd Bn across but by 1900 of 22 Janu-
ary, only forty men from the Fifth Army re-
turned to the east side, all the rest having
been killed, captured, or wounded.

The strength of the two regiments of the
36th Div taking part in this attempted cross-
ing and their losses are shown in Table XI.

The crussing on the night of 20-21 January
was preceded by heavy artillery fire from the
133rd FA En, 132nd FA Bn and 68th FA Bn
giving close support to the 143rd Regt and
12 other battalions from division artillery and
Corps firing in the area on time schedule but
in general support of the division operations
Companies B and C, 2nd Chemical Bn were
used to thicken the fire of artillery 2

By 20 Junuary the enemy forces in this ares
were:

104th Panzer Grenadier Regiment—from
Highway 5 to a short distance south of Sant’
Angelo;

* 143rd Regt (36th Div)--Operation in Italy—Jan-
vary 1944,

Tasre XI
36TH INF DIV--OPERATION IN JANUARY 13944

i418T RLGT i

1438rp REGT

O [ wo 7 EM [ 70 T Wo 1 Em
Total present duty 1 January 1044 230 5 3, 549 207 5 3, 583
Loeses, battle casualties 52 0 1, 007 40 0 919
Lossrs, nev-hattle casualtics 21 0 507 13 1 586
Present for duty 31 January 1944 157 5 2, 032 147 4 2, 074
- 57
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115th Reconnaissance BW
of 104th Regiment, opposite artino
Creek:

1st Battalion, 129th Panzer Grenadier Regi-
men. in the pocket between the Gari and Liri
Rivers;

211tk Grznadier Regiment—southwest of
Piedimonte in reserve.

By the evening of 21 January the enemy had
brought up these reinforcements from iie
rear:

211th Grenadier Regiment—between High-
way 6 and Piopeto Creek;

3rd Battalion—104th Panzer Grenadier
Regiment south of Sant’ Angelo;

115th Reconnaissance Battalion side slipped
with the Liri-Gari pocket.

The attack had been a costly failure. In-
abilty to follow through with strong reinforce-
ments and supplies, lack of visibility for more
effective artillery fire on enemy counter-
attacks, and disruption of communications by
hostile fire were all contributing factors for
the failure, but the main reason for faillure was
the enemy’s extremely sirong and expertly de-
fended fortifications west of the r.wer.”™

THE 34TH DIVISION AT RAPIDO
24-29 JANUARY

By 22 January, the tactical situation required
that Fifth Army modify its plan to break
into the Liri Valley. Generai Clark therefore
directed that II Corps attempt to enveicp Cas-
sino from the north. The FEC was 1o change
the direction of its advance and turn scuto-
ward toward Terelle and Piedimonte. This
shift would throw v weight of ihe FEC to
its extreme left a8.u might weaken the Cas-
sino defenses by deveiagping a threat tc the
enemy's lines of supply and communications.
On the left of the French, the 34th Div {Map
11) would cross the Rapido and advance south,
sencing one column dowr the road into Cas-
sizo while the other forces went through the
mountains to take high ground dcminating
the towm and debouch to iz enemy’s reax
near Picdimonte.

Defeusive positicns were simiar» w those
guarding the Rapido River south of Cassino

“ Bistory of the Fifth Army, Part IV p 48 (CON-
TTDENTIAL).
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with the additional advanftage of Ial advantage of barren,
rough, end step mountains overlooking §untains overlooking all ap-
proaches to the Rapido. The entireRapido. The entire plain
soggy from heavy rains was impassable fains was impassable for ar-
mor except by the construction of co& construction of corduroy
roads. Many irrigation and drainage diation and drainage ditches,
extensive mine fields on each side of ¢1ais on each side of the river,
z2nd bucbed wire added greatly to ttadded greatly to the in-
fantry’s difficulties. Once across the Ry  Once across the Rapido,
the troops would face a line of pillboxegce a line of pillboxes, dug-
outs, and reinforced stone houses aloned stone houses along the
base of the mountain from Hill 213 to C§in from Hill 213 to Cassino.
From these positions the enemy had fiis the enemy had fields of
fire which completely covered the rivefely covered the river flat.

The 133rd Inf wa. to capture Hills 3bs to capture Hills 56 and
213, the barracks area and the road to Cgea and the road to Cassino
scuth of the barracks. It was to be reindks. It was to be reinforced
by the 756th Tank Bn, the 937th FA BpBn, the 937th FA Bn, and
Company D, 2nd Chemical Battalion. Chemical Battalion. The
135th Inf was to maintain direct piessMaintain direct pressure on
Cassino and be prepared to attack Cgepared to attack Cassino
from the north. The 168th Inf was to @he 168th Inf was to occupy
an assembly area 1 mile east of the bal mile east of the barracks
during the nights of 24-25 January, prof 24-25 January, preparz
to pass through the 133rd and go on tge 133rd and go on to cap-
ture the division objectives, Mount Castejectives, Mol nt Caztellone,
Sant’ Angelo Hills, and Albaneta Farmr and Ailbaneta Farms.

All 4 of the division field artillery battion field artillery battaliuas
plus a battalion of 1535mm howitzersof 155mm howitzers fiom
Corps Artillery (937th) fircd a 30-1937th) fired a 30-munute
preparation. aided by the 3 cannon comiby the 3 cannon companies
and tne 8U4th Tank Destroyer Battaliogk Destroyer Battalion.

The 133rd succerded in getting the lsfded in getting the 1st, 3rd,
cnd 100th Bri across by 28 January but a by 26 January but .11 had
»0 withdraw to the opposite "ank singe opposite bank since no
armor succezded in getting .cross to sy getting across to support
thers. The 1€3th Inf tr ., passed thiInf then passed through
e 133rd and made the .nain effort on 2§ the main effort on 27 Jan-
uary assisted by tl'. 756th Tank Battale 756th Tank Battalion.

By 0615, 27 January only 4 tanks wiary, only 4 tanks of the
756th Tank Bn succe>ded in crossing feceeded in crossing to the
west bank ¢ 7 e river (the T758th Tamiver (the 756th Tank Bn
had 54 medilan and 17 light tanks a.aifl 17 light tanks available)
but were out of action by 1300. Two weon by 1300. Two were de-
stroyed by enemy rochket grenades, onerceket grenades, one suf-
fered & or~ox track when it hit a wiinek when it hit 2 mine, and
the fougrth st L near the crossing . arar the crossing when it re-
turned for more ammunition. Yet theAmunition. Ye! the tanks
had succeeded in clezring lanes for tirlearing lanes for the n-
fantry. By dawn ot 28 January 2 plaof 28 January 2 platoons
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from the 168th Inf were dug in midway be-
tween Cairo Village and the Rapido.

A combat teamn; was formed to renew the at-

tack on 29 January. One ccmpany and 1 pla-
toon of the 760th Tank Bn were added wiih
the 175th FA Bn in direct support. All of the
Corps engineers (235th Enginecr Bn and
1108th Engineer Group) were in support. The
2nd Bn, 168th Inf, was to make the main ef-
fort toward the saddle between Hills 56 and
213. One company of tanks was to precede
i2e infantry. On the left the 1st Bn and a
platoon of tanks were to cake Hill 56, while
the 3rd Bn with another platoon of tanks
would advance to the north of Hiil 213.

The plan succeeded. The 756th Tank Bn
played 2 dacicive rale in forcing the issue when
23 tanks coming down the dry tiver bed from
the Corps’ boundary turned west at about
1600, 29 January. The infantry then struck
the battalions in columns following in the
tank tracks and by 1845 gll1 3 battalions of the
168th were at the base of Hills 56 and 213.
The 2nd and 3rd Bn captured Hill 213 be-
fore dawn on 36 January and the 1st Bn too
Hill 56. By 1130 a platoon of Company K
aided by = platoon of tanks captured Cairo
Village and with it the headquarters of the
131st Grenadier Regiment.

The 168th Regt met opposition from the
German 44th Division. It was leaned that
the 132nd Infantry Regiment (German) had
been in position on ill 213 down to the town
and that the 131st Infantry Regiment (Ger-
man) had been in Cairo and to the north.

The 168th Regt remained in defensive p.-
sitions on 31 Ja..uary, 1-2 February while the
135th Inf Regt and the 133rd Inf Regt ex-
ploited the break which it had made in the
Gustav Line.

It seems evident that if the German de-
fenses nad been strong encugh to hold off the
tanks, the attack could not have been made.
As a tank obstacle the Germans were depend-
ing upon an area flooded by the diversicn of
the Rapido River.  Bub US ei.gineers had been
able to construct a tank crossing further north
in the bed of the Rapido River which the Ger-
mans had dried up by destroying the dam.
By biowing up part of the river bank by the
dam and another ue:. further down stream,
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the river bed made an cxcellent tank ap-
proach,

The strength of the 34th Div that made this
crossing to the north of Cassino was:i4

24 January 21 January

168th Regt 3.201 *2, 815
133rd Regt 4
(1st and 3rd Bn) 2 430 2, 143
100th Bn . . 832 574
135th Regt . 3,226 3,682
9, 829 8, 614
* } February.

THE FEBRUARY DRIVE ON CASSINO, 1-12
FEBRUARY

TERRAIN AND ENEMY DEFENSES

At {he begzinning of February the tactical
situation on the southern front was fairly
clear from the enemy’s pcint of view. At-
tacks by the Fifth Army revealed the plan to
turn each flank in order to pave the way for a
breakthrough in the Liri Valley. The criti-
cal points were Sant’ Ambrogio and Castle-
forte areas south of the Liri and the hills
around Cassino.

In this region the mountains rise abruptly
from the valley floor whichh has an elevation
of about 40 meters above sea level. Four
miles to the northwest of Cassino, Mount Cairn
rises 1,670 meters (5,500 ft) above sea level.
About half of this district extending more
than 2 miles west and 3 miles north of Cas-
sino was the scene of some of the bitterest
battles fought during the Italian campaign.
This small area of 6 square miles held the
enemy’s forces defending Cassino and the
northern entrance to the Liri Valley. Mount
Castellone (771 meters) and Sant’ Angelo Hill
(575 meters) marked .1.c western limits of the
Cassino defenses. The greatest enemy
strength lay south of Majoia Hill near the
center of the district. Monastery Hill (Hill
51¢), and more than a dozen hili- s1d knrs
close to ii, dominated the iown. Hill 593,
ahout one-half mile to the northeast, was the
outer bastion of Monastery Hill in that direc-
tion. This in itse' was poutected by Sant’

*Historv 168th Inf Regt, 34th Int Div Januaiy
1944; History 133rd Inf Regti, 34th Inf Div January
1944; History 135th Inf Regt, 34th Inf Div January
1544.
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Appendix B

Angelo Hil! and Majola Hill. The ridge run-
ning northwest to Cassino had three impor-
iant points, terrmnating in Castle Hill (Hill
1¢3) on the western outskirts of the town.
Hangman's Hill (Hill 435) three-fourths of
the way up the suvuli,swesiern slopes of Mon-
astery Hill was another key ponint

There is practicaily nio timber in this area.
Some slopes are terraced; cultivated fields oc-
cupy some of the narrow valleys, and deep
ravines are numerous. The few trails wind-
ing among the meuntains could easily be cov-
ered by machine-gun fire. All positions were
mutually supporting, protected by mine fields,
and stiongily fortified. This terrain and the
enemy’s use of it gave Lim an all but impreg-
nable fortress. Nevertheless, the Fifth Army
had to attack tc force its way into the Liri
Valley and the attack had to be made by troops
already near the point of exhaustion affer
several weeks of hard fighting.

Enemy troop movements brought added
strength to these positions, The 211th
Grenadier Regiment reinforced by the 132nd
Grenadier Regiment was responsible for Cas-
sino itself. The 134th and 131st Grenadier
Regiment, the 191st Grenadier Regiment and
the 8th Panzer Grenadier Regiment held the
rest of the sector from south to north.

FIFTH ARMY ATTACK

General strategy of the II Corps drive on
Cassino remained unchanged in February.
The 34th Div continued its thrust from the
north and Combat Command B of the 1st Ax-
mored Div prepared detailed plans for de
ployment into tl.. Liri Valley if Cassino fell.

The 1st Tank Gp attached to the 34th Div
had the mission of spearheading the Liri Val-
ley drive -~ " supporting the infantry with
fire and movement.’* The 756th Tank Bn was
assigned to support the 133rd Inf Regt ad-
vancing south from the barracks; the 753rd
Tank Br was to support with fire from the
east, then move mmto Cassino; the 760th Tank

?In addition to the armor, the 1st Tank Gp on 1
February comprised the 77¢th Tank Destroyer Bn;
536th Armored FA Bn, Company C, 48th Engineer
Combat Bn, and Troop B, 91s; Cav Reconnafssance
oguadron.

"m‘

Secvet

Brn, most of which was atiached to the 36th
Div, planned to advance through Cassino to
seize the highway scuth of the town.

During preparatory fire preceding the in-
fantry attack on 1 February, elcments of all
3 tank units were to advance to positivns im-
mediately around Cassino to provide close-in
fire on enemy strongpoints

The 34th Div made important gains in the
first three days of the February drive (Map
12). Approximately one-third of the critical
area northeast of Cassino was in its hands
and both infantry and tanks had won a slight
foothold in Cassino itself. But the closely-
packed fortifications of Cassino and Monastery
Hill stcod as one of the most formidable en-
einy sirongpoints yet encountered by Fifth
Army troops. Three main drives in the next
nine days failed to produce the breakthrough
to Highway 6 about a mile away. The ex-
tremely bitter fighting had reduced the com-
bat efficiency of the 34th Div to a critical
peint.

The 36th Div which had been relieved south
of Highway 6 hy the 2nd New Zealand Divi-
sion on ¢ February moved around to the right
of the 34th Div in preparation for a capture
of Piedimonte from the northeast. The 143rd
Inf assembled in the vicinity of Cairo on ¢
February, Lhe 141st at Ciccerelle and the 142nd
at Castellone. The division had as its imme-
diate objactives the capture of Albaneta Farm,
Hill 374, and Hill 593. An =sitack on 11 Feb-
ruary did not succeed, and after repelling an
tunusually persistent counierattack, the divi-
sion by 13 February hassed over to the defen-
sive. The 36th Div, after its losses on 20-22
January, was more than 3,000 infantrymen
understrength.

Heavy losses had been suffered by the enemy
but his ability to rush reinforcements forward
to meet the Fifth Army thrasts had been de-
cisive. Although there was little ¢+ repancy
in numbers between the opposing forces, a
nuwmerically inferior force in such strong
mountain defenses still would possess a great
advantage.

By 1 k<bruary, the 1I Corps was ¢ Jiausted
and relinquished the battle to the New Zea-
land Corps, all but one US battalion being re-
lieved by th» end of February.
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Appendix B

POSSIBLE USE OF AN ATOMIC BOMB BY
THE GERMANS AGAINST THE FIFTH
ARMY CON 12 FEBRUARY 1944

On 12 February the Fifth Army had 2 divi-
sions along a 3-mile fron. in an area of 6
square miles (see Map 13).
The exact position and strength of each
vegiment was as follows:
34th Division
168th Regt
1st and 3rd Bn—in position of Hills 445
and 450.

2nd Bn—In defensive position in the vi-
cinity of Hill 593. A provisional rifle
company was formed on 10 February
under command of the commanding
officer of the antitank company from
7 men from Hq Co, 8 from antitank
and 15 returned from the hospital.
The company on 11 February went to
Mount Majola and were hel in re-
serve.

Strength: The effective strength of the
rifle companies on 10 Febru-
ary was: 1st Bn-—154; 2nd
Bn—393; and 3rd Bn—246.
During the night of 10 Feb-
ruary, extra drivers of the 3rd
Bn were attached to Company
K and the antitank platoon
and extra drivers and clerks of
st Bn were attached to Com-
pany B. The effective strength
of the regmment was reported
to be 1,923 men on 12 Febra-
a.,. (See Table XII for
sample of effective strength
report.)

133rd Regt

1st ane srd Bn—in west half of Cassino

with the Ist Bn on tae left flank of the
3rd

2nd Bn—(100th Inf)—n regimental re-

seive in the vicinity of Hill 165,

Strength: 2,317 men

135th Regt

1st Bn—On right of 2nd Bn to the north-

west of Hill 445
2nd Bn--Had cropped slightly back from
Hill 593 bemg te.eved on Hill 593 by

Uae Yilitary (jcs feation Sa vguards

Regnirad Secret

elements of the 168th but still in posi-
tion to support the attack of the 163th
Inf and 141st Inf by fire and move on
Hill 593 after all enemy elements had
been cleared from the il

3rd Bn--Precarinus hold on point 445.
Strength By the end of 4 kcbruary some

rifie companies were down (o
50 percent of fighting strength
The 3rd Br alone had suffered
165 casualties 1n the first four
days of February. The fight-
g strength of the regiment
wes sapped es a result of con-
stant, sustained fighting for a
period of 48 days. The rifle
companies had an average
strength of 50 men with some
down as low s 30 men pres-
ent for front line duty, 688
casuallies were suffered from
1-14 February so that on 12
February, there were approxi-
mately 2,394 men in the regi-
ment.

Thus the whole 34th Div has
an effective strength on 12
Februaiy of approximately
£,500 men.

36th Dwision
141st Regt
1st Br—Vicinity of Hiil 593.
2nd Bn—Dzfensive position on Hill 706.
3rd Bn—Vicinity of Hill 593.
Regimental CP, . inile northeast of Hili

593.

Strength: At 1100 hours 11 February, the

battalions yvere 60 percent
understrength  The 1st Bn
had 19 officers and 66 enlisted
men and the 3rd Bn, 12 cfficers
and 94 eniisted men The op-
erational siringthi report for
the 36th Diwv shows for the
141st Regt:

Enlisted
“fiicers Men
Present for duty 1
Feb 1944 175 2,631
Losses: Battle cao-
unalties 1-29 Feb 24 237
63
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Appendix B
Enlisted
Lnsses: non-battle Officers Men
casusalties 19 304
Present tor duty
29 Feb 1944 132 2,099

S0 that approximately 2,200 officers and
men were present for dufy 12 Febriary.

142nd Regt

1st Bn—On Mount Castellone.

2nd Bn—On west slope of Hill 593.

3rd Bn—Prepared to repel a Germen
counterattack on the 2nd Bn or to re-
inforce position held by 2nd Bn on
Hili 468. In reserve in position sup-

porting

2nd Bn at G 832228 the 2nd

Chemical Bn, Co B was at G 857229
minus one p’itoon.

Strength:

The strength of the battalion
is us follows: 1st Bn 398 of-
icers and men; 2nd Bn 100,
and 3rd Bn 30, (on 15 Febru-
ary). The Divsion Opers-
tional strength repo.'t gizes the
following:

Enlisted

Present for duty 1 Officers Men
Feb 1944 152 3,224

hpcrlﬂ}‘ Sﬁﬁ X
Use Ml
Enlisted

Lnsses: battle cas- Officers Men

ualties 1-29 Feb 16 281
Losses: non-baitle

casualties 12 108
Present for duty

29 Feb 1944 1) 1,685

Therefore in both the 34th and 36th Divs
there weres app.oximately 12,800 men (6,200
in the 36th Div and 8,600 in the 34th Div).

TasrLe XII
HEADQUARTERS 168TH INFANTRY
UNITED STATES ARMY
AFO U4
8-1 Effectivn Strength Teport

No. 12 Toomy 0901 hrs 12 Feb 1944
To: 2400 hrs 12 Feb 1944
Piace. 848258, 1:25, 000

SUB UNIT | orr | wo |enLuEs| rtora

1. Effective Sirength

Losses: battle cas-

ualties 1-29 Feb 28 641
Losses: non-hattle

casualties 1-29

Feb 24 378
Present for duty
23 Feb 154 106 2,205

So thet the approximate average strergtin
on 12 February .vas 2,200 men.,

143rd Regt

1st Bn—On Hill 706 at point 836275.
2nd ™+ -In reserve at point 888211 near

Cairo.

3rd Bn—Defending Bl 706 at point

838242,
Strength:

The regiment’s cffective fight-
ing stiength averaged 1,800
officers and men, as seen from
i Divisional Operational
strength report:

Enlisted

Present for auty i Officers Men
Feb 1944 147 2,07¢

of Command:
Regtl Hq. 15 i 16
Headquarter. Co 5 0 133 138
Service Co. 12 2 112 126
Antitank Co 4 104 108
Cannon Co 6 113 119
Medical Det 19 06 108
Hq Co 1st Bn ] 116 124
Company A 1 H 17
Company B 2 21 23
Company C 1 18 19
Company D 4 139 134
Hq Co 2rd Bn 3 112 121
Company B 5 65 7¢
Corapsay F. 4 32 36
Company G 5 121 126
Comnany H 6 156 162
Hq Co 3rd Bn 11 121 132
Company I 4 75 79
Company K 2 60 62
Company L H 52 56
Company M 5 _ 14 L
123 3 1,706t 023
2. Ration Strenqth.
168th Tof . 2,723
Division Hqg =
24tk Sig Co b
Arty Liaison 10
.09th Med Bn H)
Miscellaneous _ 40
PRy
UNITONDSTO :n'ri B
3. Detached Sesvice Within Dnsion:
Davis:on Ha 1 0
34th QM Co 1 24
85
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: baene
US troops were not dug in aéM ing out many of the personnel in the 34th and

mans as borne cut by the following quota-
tions:

“A strong criticism is, that in the usual
American style, since the impetus was always
forward, no artificial defenses had been
erected. No wire, no mines, no obstacles and
precious little improvement of individual shel-
ters, has heen accomplished during the twelve
day occupancy of the position (1-12 Feb.).
This, I believe, is common with U.S. troops
and must be overcome. D~fenses must start
immediately with occupal :y and improve
ment must continue until the position is
abandoned.” 10

“The following are difficulties most usually
enccuntered: The need for greater use of en-
gineering and pioneering units to constantly
improve front line poritions, including not only
weapons emplacements but even fighting holes
for specific purposes such as sniping or obser-
vation. Dynamite, TNT, Beehive Mines, and
similar explosive aids are not used sufficiently
ir. our attempts to place fighting holes into
e¢xtremely rocky soil. Battalions and Regi-
ments should have their own personnel
trained to employ such explosives to ihe great-
est advantage in organizing a defensive line
even when such organization is merely a short
interlude prior to resuming the attack within
a day or 50.” 7

The weather from 5-14 February was ro-
ported to be rainy, cold, and on some days
snow and visibility ranged from fair to poor.
But on 12 February the we...her was report 3
ac “rain apd - zet continued in the early
morning but before noon the weather cleared.
Through the operation (12-13 February) it
remained coid.” 13

It woula seem probable. therefore, that on
the morning of 12 February an atomic bomb
could nave been dropped by the Germans wip-

“Col G. E, Lynch, Col 142nd 1nf, Commanding.
Quoted from Ogerctions n Ital ', 142nd Inf Regt,
36t Inf Div, February 1944.

"Lt Col John C ). Adams, Commanding 14ist
Inf. Quoted from Operations in Italy, 141si Inf
Regt, 36th Div, February 1944

* Operations in lialn. 142nd Inf Regt, 36th Inf
Diw, February 1944

66

36th Divisions.

A bomb dropped south of Majola Hill (Map
13) by the . .ermans at a height of 600 yards
would have killed 6,374 and hospitalized 1,334
of the 8,778 US soldiers in the area between
Cairo and Cassino.

Reference to Tabie XI1{ inaicates now these
casualty figures were determined. The first
column gives the battalion strength of the 18
battalions of US troops whose positions were
known along the line on 12 February. The po-
sivion of 4,122 soldiers were thus known.
Moreover, the Effective Strength Report of
the 168th Regt (see Table XII) indicates that
in addition to these rifle companies, there
would be within the 12dius of the bomb burst
additional troops belonging to regimental and
battalion headquarters, medical detachments,
service companies, artillery liaison, et cetera,
amounting to a total of 4,637 men for the two
US divisions which are known to be within the
area but occupying positions not definitely
known. The artillery battalions themselves
were across the Rapido River approximately
2 miles west of Cassino and therefore out of
range of the bomb. An estimate of the num-
ber of men ini each of the non-rifie companies
is given in column 1 cf Table XIII. Since 2’1
six reguments repoited approximately the
same total effective strength (i.e., 2,260 men),
it is assumed that the distribution of men in
other than rifle battalions are similar to the
distribution ot such men in the 168th Regi
for which we have the detailed strength re-
port of 12 February, shown in Table XII.

In the third column of Table XIII, the dis-
tance in yards that each rifle battalion is
known io be from ground zero is read from
Map 13. The 4,637 troops known to be pres-
ent but whose actual positions cannot be de-
termined (e.g., medical detachmonts, service
companies, et cetera) are distrib'«. . propor-
tionately in the neighborhood of each bat-
talion.

group of men is from grouad €10, the per-
centage of deaths (u) aud hospitalizations
(w) can be reaG from Figure 25 and the ac-
tual numerical values computed from Table
X111

.
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Lz B Required W'
U5 uardas >
Tarrs XIII
. COMPUTATION OF CASCALTIES—CARSINO
1 2 i3 4 | 5 6 7
AT spican| DISTANCE |[NUMERICALL o npe | HOST. DEATHS, HOSP.
. sy (FROM GROUND, STRENGTH . AXD » NoO.
o ; I __ZERO ! EXTRESSED | | w
168th- yd % %
1=t Bn 103 . 1, 263 411 100 411
21nd Bn 394 143 839 100 83°
3rd Br an 1. 820 737 96 4 Ful 30
133rd~
ist Bn 200 2, 780 426 34 & ) 147 223
2nd Bn (100thY 200 1, 84C 426 96 4 409 17
3rd Bn . 200 2, 810 426 26 58 111 247
135th.
1st in 200 1, 07 426 100 426
2n1d Bo 200 900 426 i 426
3rd Bn 200 1, 810 426 96. 5 3.5 4i1 15
141st:
1st Bn ° "6 1. 330 162 100 162
2nd Bn 100 1,79 213 97 5 25 208 5
3rd Bn 106 1,210 226 100 226
142nd:
1st Bn 398 3,020 848 20 30 170 254
Z2nd Bn 100 1, 040 213 100 213
3rd Bn . 3¢9 445 658 100 658
143rd.
ist Bn 300 i, 480 639 93 5 6.5 597 42
2nd Bn 200 3, 020 639 20 30 128 191
3ra Bn 300 3, 04C 639 195 48. 5 125 310
Total 6, 374 1,334
Numericat Numerwal
Hgs Co: Strenglh Hq: Strength
168 138 135 15
133 138 1st Bn 125
135 138 2nd Bn 125
141 138 3rd Bn 125
142 138 Haq:
143 . 138 141 15
Service Co. Ist I'n 125
1€3 126 2ad Bn 125
133 126 rd Bn 125
135 126 Hq-
14} 12 142 15
142 126 1st Bn 125
143 126 2nd Bn 125
M d Det: 3rd Bn 125
168. . 106 Hg:
133 106 143 15
13R 106 ist Bn 125
141 .. 1LH ? 1Bn 125
142 106 3rd Bn. 125
143 106 Arty Liaison 15
Fq 168 1¢
168 15 133 10
ist Be 124 135 10
2nd Bu 121 141 i
3rd Bn 132 112 10
Ha. 143 __J_f_)_
133 15 Total 8,759
14t Bp 125
2nd Bn 125
3rd Bn 125 Total whose position is known 4, 122
67
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Appendix 8

But even though an atomic bomb would
have killed or hospitalized all but 1,170 of the
8,759 US troops present in the Cassino area,
1t would not be obviously advantageous for
the Germans to have 1sed ihe bomb then be-
cause they were not in a position to exploit
their resulting numerical superiority. They
were well dug in, in defensive positions, and
apparently could hold their position without
resorting to the use of an atomic bomb.

THE NEW ZEALAND CORPS AT CASSINO
AND RESULTS OF THE BOMBING OF
CASSINO

The New Zealand Corps was formed spe-
cifically for the Cassino battle from the 2nd
New Zealand Division, the 4th Indian Division,
and the British 78th Infantry Division.

All but one battalion of the US infantry on
the front line were relieved by the end of Feb-
ruary by the New Zealand Corps.

THE 15 FEBRUARY BOMBING
OF THE ABBEY

On 15 February the abbey was destroyed by
576 tons of bombs but its usefulness to the
enemy was nnly impaired. After each wave
of bombers pass=d over heavy artiliery fired
on the target. II Corps Artillery fired a sere-
nade of 266 rounds at 1030. Ten 240mm how-
itzers and twenty-four 8-inch nowitzers fired
5 rounds each; twelve 4.5-inch guns and
twenty-four 155-1nm gun; fired 4 rounds each.

When th: bombing was over, enemy troops
occupied Hill 593 and so regained without ef-
fort, a key position tliat had heen the scene
of much bitter fighting by Allied units. Cn
16 ¥ebruary 24 tons of bombs were dropped on
enemy positione in the same area.

Gains were small and lines changed but little
from 12 February to the end of February.
Fromi the tnd of February until 15 March
there was a lull in the fighting while both
sides regrouped.

THE 15 MARCH BOMBING
Or. 15 Maxrch, 1,184 tons of bombs were
dropped in and around Cassino from 0830-

-

Secret

.. v‘éf'sl t snwg
1200; from 1300-1500, 18 tons were dropped
on the Cassino railroad station; from 1345-
1630, the Colosseum area south of Cassinc was
hit with 44 tons; and between 1500 and 1700,
the forward slopes of Monastery Hill were hit
with 10 tons. Another 34 tons were drormed
on misceilaneous targets.

From 1200-2000, the terrific artillery con-
centration by 890 pieces took place, 195,969
rounds being fired,

But the tremendous weight of bombs and
artiilery fire on 15 March did not destroy the
enemy’s defenses in Cassino and on Monastery
Hill. Protected by cellars, steel and concrete
pillboxes, caves, and tunnels, the German
trcops suffered comparatively few casualties
(see Supplementary Miscellaneous Data im-
mediately following) .

After the terrific air and artillery blows, the
New Zealand Corps made the first effort on
the ground to capture Cassino. £t the end
of 3 days, most of the ridge from Castle Hill
to Hangman’s Hill wes in Allied poussession,
two-thirds of Cassino had been capiured and
the line extended south beyond the railroad
station. The key {o the situation was still
Monastery Hill. The 1/9 Gurkha Rifles on
Hangman’s Hill w :re less than 500 yards from
the abbey and less than 300 yards separated
the 24th and 25th New Zealand Battalions
from the southern edges of Cassino. Short
as these distances were theix forces were un-
able to break through,

The New Zealana Corps had 24 infantry
battalions; the enemy had 14. There were
about 16 enemy tanks in Cassino at any one
time and possibly 90 were available in the Liri
Valley; Allied armoi included 579 tanks, 59
armored cars and 128 self-propelled guns. In
spite of this impressive superiority in air, ar-
tillery, infantry, and armor, oainc by the Al-
lies were these: a few more biocks of court-
yards and walls, Castle Hili and a precarious
holc¢ on the railroad siation (Map 14). Our
armor could b . te engloved effectively be-
¢z ase of cratered roadis, zogy ground, and
debris. Tanks could not get through the
rubble and water-filied creters produacad oy
the berzhings. Engimmeers cou'd not Llear ihe
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Map 14.—The New Zealand Corps at Cassino, 15-21 March 1044
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way until local resistance had been elimi-
nated, but the mnfantry r:.ued tanks to clear
the strongpoints holding up the engineers
Artillery fire could not destroy the well-pre-
pa.ed pillboxes, so strongly built that some
withstood even direct bomb hits. The prox-
mity of our own troops to the enemy also
hampeied the artillery.

The entire Fifth Army attack on the south-
ern front had been disappointing in its resuits.
By the end of March, the German line was
essentially the same as on 12 February when
the II Corps was exhausted and had relin-
quished the battle to the New Zealand Corps.

Sécret
e i . L0 (P s
PROBABLE INEFFECTIVENESS OFFECTIVENESS OF AN
ATOMIC BOMB USED AGAINSMB USED AGAINST
THE GERMANS T GERMANS

It does not seem probable that an alrprobable that an . burst
atomic bomb would have been any m@ have been any more ef-
fective im routing the Germans than 1ithe Germans than the 1,290
wons o1 pombs dropped on 15 March.  ped on 15 March.

The Germans, in ccntrast to the Alliascontrast to the Allies, were
entrenched in extremely well-fortifieremely well-fortified posi-
tions, cellars, steel and concrete piBl and concrete pillboxes.
caves, and iunnels that in many cases ®at in many cases were so
strongly built that they could withstanthey could withstard even
direct bomb hits (see following sectiomsee following section, Sup-
piementary Miscelicneous Dala) laneous Data).
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Secret

MEDITERRANEAN ALLIED AIR FOR(CES
THE BOMBARDMENT OF CASSINO
15 March 1944

SITUATION

In December 1943, the front in Italy reached
a deadlock which persisted mto March de-
spite all Allied efforts. Entrenched across the
i.arrowest and most mountainous part of the
Italian peninsula, the German Army estab-
lished an extremely strong defensive position,
the so-called “Gustav Line,” which Hitler him-
self ordered them to hold at all costs. The
linchpin of the Gustav Line was the little
town of Cassinc, famed for its Benedictine
Monastery and so situated that it commanded
the best route to Rome, Highway 6. Some 5
miles back of Cassino, the Germans estab-
lished another strong position known as the
“Adolf Hitler Line” to which they were appar-
ently ready to withdraw when torced fromn
Cassino.

The Cassino position offered the Germans
unique defensive possibilities. The little
Rapido River flowing in front of it made a
natural barrier considerably enhanced by the
abnormally bad weather in early 1944. The
town itseif was built entirely of stone, scme
of it dating back to Roman times and ail
ide Yy arranged for fortification purposes.
Uncer the town was at least one ancient tun-
nel, forming an impregnable air raid schelter
and communications line. Sheer behind ti.2
town lay the : 2ep slope of 1,500-ft Monte
Cassino and behind it the snowy, 5,400-ft
peak of Mount Cairc. At the foot of this
formidable bastion is the broad Lir1 Valley
floor leawv.g to Rome and appearing to offer
ample room for tanks t, maneuver. Actu-
ally, however, the valley is so low and swampy
that tanks must follow the 10ads. And the
only reel road, Bighway 6, passed through
Cassino and aleng the flank of Monte Cassino,
directly under the German guns.

The troops holding this key position were
Germany’s best, some 4,000 to 5,000 tough.
young Nazis of the Ist Parachute Division.
Their high morale and fighting calibre are

*t

indicated by a captured Orfer of the Day
issued by their Commander, Col Schulz, on
15 February. Excerpt:

[The Worldpress, the House oi Com-
mons, the House of Lords, the Confer-
ences the world over—ali are shouting
their heads off about you. The Hoiy
Father has intervened on account of the
famous Monastery of Monte Cassino.
Our front has become the affair of the
utmost political importance.

I realize what indescritable hardships,
throagh the weather and lack of warm
meals alone, you have had to endure:
I am aware when the Americans were
weakened, English and Indian troops
were then thrown in the line. But I am
convinced that you, the finest troops in
the world, will be equal to the task.

INTENTION

It was decided to at empt to smash the Ger-
mans from Cassino by an all-out aerial anl
artillery bombardment followed immediately
by an attack by infantry supported by tanks.
In its broad outlines, the plan was simple.
When weather promised both clear skies and
dry footing, the Allied troops would pull back
about 1,000 yards from Cassino before dawn.
every available bomber would attack the town
in the morning, and at noon, under the cover
of an intense rolling barrage, the troops would
swarm back into whaiv was left of Cassino
in hopes of taking the entire town and its
abbey Meanwhile, in the afternoon, the
bombers and artillery would range ahead down
the valley. Combat Command I - as ready
to exploit the capture of Cassino with a large-
scale attack which it was hoped would breach
the Gustav Line completely and carry through
to the Adolf Hitler * ine 5 miiles ~ecrer Rome.
PLANS

The air plan specified morning attacks on

Cassino at 10 or 15 minute intervals by 11
heavy grcwps of the Mediterranean Ailied
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Strategic Air Force and 5 medium groups of
the Mediterranean Allied Tactical Air Force.
The object of this attack was “to accomplish
reduction of Cassino Town.” For flexibility's
sake, two alternative time schedules were laid
down-—one to commence at 0730 and last un-
til 1190, the ovher to commence at 0832 and
last until 1200. The second schedule was
followed. Only 1,000-1b instantaneous HE
bombs were loaded for this part of the attack.
For the afternoon, however, B-25 units were
to shift to fragmentation bombs.

The plan for the afternoon attack, with
which this report is less concerned since
weather and the course of the battle caused
much of it to be called off, specified second
sorties by both heavy and medium groups on
a vatiety of towns and gun positions behind
Cassino. After 1205 no bombing of Cassino
was scheduled except for fighter bombers on
call from the advancing Allied troops.

AIR OPERATION

In its final form the attack was scheduled
to begin at 0830 hours and continue through
1200 hours with a 10-minute period allowed
for the bombing by each of the participating
groups. It was directed that no bombing of
the town proper was to be done after 1205
hours. One-thousand-lb GP bombs, fuzed .1
second nose and .025 sec tail were employed
by all bombers. The altitudes specified for
the heavy bombers were 15,000 to 16000 ft
and for the medium bombers, 7,090 to 9,600 ft,
consistent with the normal operating alti-
tudes for these aircraft. It was anticipated
that heavy flak would be encountered fro.c
the more thar. 80 dual-purpos¢ 88mm and
13Tmm guns in the area surrounding Cas-
sino. Air Intelligence also indicated that 60
to 80 enemy fighters were within operational
range ana uaght oppose this attack. MNeither
opposition, however, ma’erialized. The as-
signed target area, encompassed within a
1,250-ft radius of {he center of the town, was
divided among the heavy and medium groups;
the “A” (or nocthern haif) being designated
principally for mediums and the “B” {(s~.th-
ern half) for the ncavies. These two areas
were attacked alternctely, thus allowing for
maneuvering of the attacking groups between
the initiai point an?d *he target
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At noon, a P-38 reconnaissance plane few
in low over the town, The pictures it took
confirmed tne impression of ground observers
2 miles away—that Cassino was as flat as a
stone city can be. There were peaks of
broken buildings still standing, but the over-
all landscape was only a riisshapen pile of
rubble.

Statements of prisoners of war throw addi-
tional light on the bombing results. In read-
ing them it is important to bear two things
in mind: only a handful of Germans were cap-
tured who were actually in the town during
the bombardment; and these men were
the arch-type of Nazi. arrogant, very security-
minded veterans who obviously lied cn1 some
occasions a2nd generally exhibited bravado
about the bombing. The following facts ap-
pear, however, to be pretty well authenticated.

About 950 Germans of the 1st Parachute
Division were in or near the town on the
morning of the 15th; the 2nd Battalion, con-
sisting of 5 to 8 companies, in the northern
end of the town, the 1st Battalion between
Pomt 193 and the abbey; and the 3rd Bat-
talion in the southern end of the town. Only
the 2nd Battalion caught the full weight of
the bombardment an-i it appears to have suf-
fered very heavily. One prisoner of war sa’l
he was the only survivor of his group of 15
to 20 men. Another estimated that of an
initial strength of 60 men in 5 companies not
more than 6 survived. The other companies
appeared to have fared better. When the
bombardment began, they apparently pulled
back into deep caves in Monte Cassino, or
into the tunnels, and sat out the bomb-
ing in considerable discomfort but reason-
able safety. Some were buried in the rubble
and dug their way out just in tie to be
captured. There were 17 prisoners of war
taker. the first day and 24 the szecond. =
March 24, prisoners of war total -~ 278, but
most of these were from the 2nd Batlalion
of the 115 Panzer Grenadier Division which
came up from behind Monte Cassino to rein-
foree the battered vatinlion of | « Puvachute
Divisivn 1n the town after the boru,asdment.

Prisoner of war statements were suinma-
rized as follows by interrogating officers:

&
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“Owing to the fact that Cassino had

previous to 15 March been subjected to
intermittent but heavy artillery dre, few
buildings had been left in condition to
afford adequate cover for either men or
material. The main .ype of cover avail-
able consisted either of basements of al-
ready partially destroyed buildings, or of
bell-shaped pilibcxes. There are appa-
rently various types of these, but all are
made of steel 215 to 4 inches thick. They
are constructed to accommodate 2 men
comfortably, but owing to the lack of other
suitable protection, as many as 6 men
managed to squeeze into one during the
emergency. These pillboxes are normaily
sunk into the ground deep enough to
allow only the dome-shaped top to pro-
trude. They can be lifted by a 2% ton
lorry ..
“Bce «bs falling three to four yards
from a pillbox lifted it out cf its position
without seriously harming the men inside.
Men sheltering in basements and cellars
were frequently buried beneath the fall-
ing masonry . . . Ammunition and weap-
ons, which had been stacked in cellars
or in damaged buildings, were largely de-
stroyed beyond recognition and {t was pos-
sible to salvage but little. Many men left
their weapons unattended in their haste
to seek refuge and were unable to retrieve
them afterwards.

“Apart from an initial panic, the mo-
rale of the soldiers seemed tc have main-
tained the ncrmal high level of para-
troops. Fighting efficiency probably
suffered muc!? more severely owing to a
natural instinet of self-preservation and
the huge ciouds of smoke and dust
caused . . .

“Ali ,..oners of war, particularly
those whe were in Cassfino proper, were
unanimous in stating that the defense
system was completely broken down and
that it became impossible to pass mes-
sages as all ielephone lines were de-
stroyed. In addition, the generai chaos
and bad visibility prevented the local
situation from being accurately assessed
cr reported.  One prisoner of war from 2
Coy states that 2 »vnners were killed by

——

Qigtisicg T LIS
: efore they could reach Coy
Headquarters.”

GROUND OPERATIONS

Immediately following the air bombard-
ment, Ailied artillery laid a very heavy bar-
rage upon the town. As it crept forward, the
New Zealand infantry and tanks attacked
from the north. It is not the province of
this report to analyze the ground operations.

First, difficulty reported by the advancing
soldiers was in getting through the damage
done by the bombs and grtillery. Tanks were
haited completely by enormous craters in all
the roads into the town and could not pro-
ceed until engineers, working under fire, had
built bridges as iong as 70 feet across them.
In the town the infantry found the streets
so full of rubble that one New Zealand briga-
dier estimated that under ideal conditions
(ie., ro enemy fire) it would have taken bull-
dozers 48 hours to clear a single path through
Cassino. There seems to be some reason to
believe that these delays gave the Germans
just time enough to crawl out of their holes
in the rock and take up streng sniping and
.achine-gnn positions amid the ruins.

In any etent, the New Zealanders and sup-
porting Indians founi themselves in a verv
difficult fight. Even so, they surged through
three-quarters of the town and up the slopes
of Monte Cassino ‘o the highest promontory
below the abbey itself—Point 435. But here
and on Points 202 and 165, they were cut off,
on the night of 18 March, by a German infiltra-
tion of several companies into the town.
There seems good reason to suspect that the
tunnels below Cassino, having saved the para-
troopers during the bombing, now enabled
reinforce nents to appear in the middle of the
Allied positions. Extraordinarily fierce fight-
ing followed with many points changing
hards several times and with heavy casualties
on both sides. Supplied by contsirer: dropped
by dive-bombers, the troops on 435 and 202
hcid out for several days. Then they with-
drew. By 26 March ii became apparent that
a derisive breakthrouzh «o%:id not ¢ achieved,
The Ge mans ireld most of Monte Cossino witk
the exception of Point 193. The Allied troops
retained, however, possession of nine-tenths
of Cassino ¢rd a very substantial bridgehead
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across the Rapido, advances which pr
they had been unable to make. There ap-
peared to be sutstantial agreement among the
ground commanders that this limited suc-
cess could not have been achieved without the
preliminary aerial bombardment.

AIR LESSONS LEARNED

Invaluable experience in the use of close
air support was provided by this operation.
No attempt is made here to interpret the
ground phases of the attack. The air phases
did, however, afford a basis for planning fu-
ture use of intensive support.

The cost, in bombing effort, of destroying
an enemy force that is established in well-
prepared positions is high. A bomb-density
of approximately 5.5 tons-per-acre was
achieved in the town of Cassino. There were
6.2 tons expended per casualty effected within
the town. As stated in the body of this re-
port, the enemy troops had access to caves,
deep dugouts, and tunnels which profected
them not only against fragments but also
against blast effects.

Where the bombardment must be confined
to a small area, medium bombers and fighter-
bombers are prescribed since their lower alti-
tudes of operation make possible a high de-
gree of accuracy, even under conditions of
ground haze, bomb-smoke, and dust. If, be-
cause of their bomb loads, heavy bombers are
desirable, they should be used only where
absence of flak ana fighter opposition will
allow them to bomb from altitudes below
10,000 feet. The heavy bombers are best suited
to long-range attacks against strategic targets
and the techmques and experience of their
crews are normally unsuited to close air sup-
port operations.

Where » large-scale effort is to be used
against a small area, some positive means of
target or aiming-point iaentification is neces-
sary. After the first wave of the attack the
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VOGTstarget is completely obscured by dust and

smoke and scattering of the bombs of suc-
ceeding waves is unavoidable.

The 10- and 15-minute interval between the
bombing attacks was unnecessary and the
same weight of attack could have been con-
centrated in a much shorter period. .

In the absence of any real «pposition eithei
from enemy fighters or fiak, it would have been
better to bomh along the line of the front
instead of having the axis of attack perpen-
dicular to it. This would probably have pre-
vented shorts from falling upon Allied posi-
tions and might also have resulted in fewer
craters on the approaches to the town {rom
the Allied side.

The fact that Germans, not actually in
Cassino, suffered few casualties indicates that
it might have been betier Lo disperse some
of the attacks on the fringes of the town and
use fragmentation and antipersonnel bombs
in this more open terrain.

CONCLUSIONS

The air objective—to destroy Cassinc—
was achieved.

There comes a point, however, in the de-
struction of any stone town wher additional
damage merely makes the fortifications
stronger by piling ribble about them. The
Soviets learned this to their advantage at
Stalingrad. Cassino provided unwelcome
confirmation.

Any such utter destruction as was visited
upon Cassinc cannot fail to produce a com-
plete road block, giving an advantage to the
defender and inevitabiy delaying the offensive.
This may indicate that such all-out air at-
tacks upon fertified towns are better suited
for defense, as at Battivaglia during the Sa-
lerno battle, than for the opening blow of
an Allied atiack, as at Cassino.

The limited success which was achieved
would have been impossibie withovt the aerial
wumbardment.
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ALLIED FORCE HEADQUARTERS
APO 512
4 Junc 1944
TRAINING MEMORANDUM
NUMBER 5
. LESSON® FROM THE CASSINO OPERATION
(15-25 MARCH 1944)

I. GeNERAL

No new lessons were learned from the air and ground action at CASSINO. Estsblished
principles were confirmed. Certain methods of improvement in operational technique have
been advanced in the reports of the air and ground commanders

IT. GENERAL LESSONS APPLICABLE TO COMBINED AIR AND GROUND OPERATIONS, REPORTED 3Y BOTH

AR AND GROUND COMMANDERS

Rerorted by Air Commander
1. The bombing of an enemy strong point
such as Cassino must be followed by a deter-
mined and vigerous ground attack which must
be initiated in the shortest possible time after
the last bomb has been dropped.

2. Employed in close support of a ground
operation, a'r bombardmeni cannot be ex-
pected to obliterate strong defences and de-
termined resistance. This is especially true
in the case of a fortified town such as Cassino.

3. Heavy bombing of a strongly defended town
will produce craters and masses of rubble from
demolished buildings which become serious
obstacles ir, the advance of atfacking infan-
try and acmored vehicles. These obstacles
will alse provide the enenmiy with advantage-
ous firing points and positions for defense.

4. Provisions must be made for bomb line
markers which c¢an be clearly identified from
the air at bombing altitudes.

5. The capabilities and limitations of each
arm must be mutually understood and appre-
ciated. The closest cooperation must be
achieved between the commanders and staffs
of both arms.

g 3
:

-~

Reported by Ground Commander

1. The follow up of the infantry must be im-
mediate and aggressive, employing the maxli-
mum infantry strength available. The maxi-
mum amount of infantry was not employed
in this attack, nor was the attack aggres-
sively pushed. Too great reliance was placed
on the ability of the H»ombing to do the task
alone.

2. The town of Cassino was not only fortifled
but use was made of cellars and tunnels. De-
spite the tremendous air efforf, our infantry
were met by a determined enemy in well forti-
fied positions. If follows thersfere that no
aerial bombardment aline can ciear a fortified
area of infantry who are well dug in.

3. The heavy bombing hinderea our advance
by cratering and bhlocking of routes with de-
bris. Due to cratering few tanks could enter
the town. The tonnage of bombs to be
dropped must be carefully considered in the
greund plan of action, as debris and cratering
hinders the use of armor.

4. Every possible means must be used to in-
sur2 accurate identification of the targets
by the pilcts.

5. Nov sp=ciileally statey n the giovmd com-
nmander’s report, but implied from study of
the report as a whole.
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III. LESSONS APPLICABLE T THE AIR -
TIONS

1. Unless otherwise indicated, the follow-
ing pcints are extracted from the report of the
air commander.

2. In the Cassino o' eration beth the Tac-
tical and the Strategic An Forces were em-
ployed. The Tactical Air Force gave better
performance and results, largely because close
support is a normal operation for this type
2t air force. Conversely, close suppori mis-
sions are rare operations for the Strategic Air
Force, which has had little training and ex-
perience in such operations.

3. In general, heavy pombers should not be
used in close support operations when there
is present an adequate Tactical Air Force.

4. When operations require the use of the
heavy bombers in close support of ground
opeiations, the following recommendations
are advanced by the air commander:

a. When practicable, tomb leaders ard
leading navigators should make a previous
flight over the target area.

b. Bombing altitudes should be specified.
The heavy bombers showed & tendency to
bomb from too high an altitude.

¢. Angles of approach should be specified,
especially when ground troops are close to the
target area.

d. Intervals between bomber groups, es-
pecially when the wind is sufficiently strong
to clear the smoke from the targets. should
be decreased. The whole bombing operaticn
should be conce trated in ihe briefest possible
time.

e. A mcmber of the Strategic Air Force
Commsnder’s staff should be present in po-
sition t¢ wwserve the bombing action of his
urits, and should have ridio communication
with his units in the air.

5. A percentage of bombs should be fuzed
for delay action to reach cellars and penetirate
heavy covered emplacemerts (reported by
ground commander only).

6. In a large scale bombardment in which
ajrcraft approach the target area from widely
scattered points, an unmistakable artificial
landmark such as smcke for the orientation

78

* tanks proved to be practicable.

Analysis of Military Assistance Program

of navigators would assist the entire air effort
(reported by the ground commander only).

7. Alternate targets should be designated
in case some flights of aircraft are late at the
end of the schedule (reported by the ground
commander only).

8. Air re-supply of ground wLnits with A-36
aircraft using either parabundles or belly
Targets for
drops must be clearly marked and pilots must
be carefully briefed and provided with accu-
rate air photographs and large scale maps
(reported by the ground commander only).

9. Despite its casualty effect and morale ef-
fect on enemy personnel, air bombardment by
heavy bombers is not sufficiently accurate for
general use in the tacuicai area of land battle
(reported by commander, Allied Armies in
Italy).

IV. LESSONS APPLICABLE TO THE GROUND Op-
ERATIONS

1. Unless otherwise indicated, the followin
points are extracted from the report of ¢ »
ground commander.

2. The infantry assault following the air
bombardment must be immediate and aggres-
sive and in maximum available strength. The
maximum amount ot infantry was not en:-
ployed in this attack. nor was the attack ag-
gressively pushed. Too much reliance was
placed on the ability of bombardment to elimi-
nate the opposition.

3. The initial assault waves must follow
quickly the artillery barrage. They should
not stop to mop up isolated strong points and
small centers of resistance. Such centers of
resistance should bz et to clearing or mop-
ping up parties following the initial assault.

. 4. Continued emphasis must be placed on

the technique of street fighting in the train-
ing of infantry. No new lessons _» this sub-
ject were learned, but its importance was
clearly appsrent.

5. Only a few tanks could enter the town
in support of the w aniry Le.ause of the
rraier> and rubble. Thosc that ¢iv. rendered
valuable support.

6. A few lighter self-propelled guns might
have rende..d limiled assistance in some area.
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7. In a heavily defended town, artillery is
unakie to give clnse support fire.

8. Since close artillery support is not pos-
sible in attacking a heavily defended town,
engineers, mortar crews, and tank destroyer
crews must follow closely the asssult.

9. The enemy coulé not be denied dominant
observation of our movements in the town.
This factor must be considered by ground
commanders in any similar situations com-
warable to that at Cassino.

V. EXTRACTS FROM A REPORT BY THE DIRECTOR
OF MiLITARY TRAINING, THE WAR OFFICE

The following extracts are taken from a re-
port compiled by the Director of Military
Training, the War Office, from preliminary
reports received by him.

They have not been approved by the Com-
manders respensible for the operation, and
should therefore be accepied with reserve.

“1., Planning

a. It has been suggested that, in arldition to
other means, the AA brigadiers whose guns
cover the airfields from which the bombers are
onerating should be informed of the detailed
Army plan and should be used as senior Army/
Air Liaison officers charged with ensuring
that the briefing of the pilots on their airfields
is adeqnate.

b. The morale effect of a continuous bom-
bardment, either aerial or artillery is much
greater than that of intermittent bombard-
ment of the same total weight.

¢. The Strategic bembers will probably be
operating from a height of 22,000 feet and
until they have much greater experience of
the techninue involved in close supporf bomb-
ing, they are unlikely to be as accurate as the
Tactical Air Force medium bombers. This
will mean that a fair percentage of the bomb-
ing effort will fall outside the target area.
Any plenning, therefore, which has been pre-
pared on a timed basis and which assumes
that in an agreed time a certain weight of
bombs must inevitably fall in a given area,
is likely to go astray. It must be lef¢ to the
military commander who is in charge of the
operation, to ask for a continuance of the

alor

Secret

bumbing un
and not until he is satisfied on this point
should the bombing effort stop and the ground
forces begin their attack.

d. Much of the responsibility for the inac-
curacies mentioned in the paragraph above,
may be attributed to the Ar.ay. IL is their
duty to help the bombers to find the target,
and some or all of the following aids can be
used:

(1) Very large artificial marks (such as
buiidozed or white arrows} as a fixing point
some way behind our own lines.

(2) Further signs (colored flares, ground
signs, etc.) close behind our forward positions.

(3) Flashing colored searchlights at the
aircraft from pre-arranged places.

(4) Giving Wing Leaders of the bomb-
ing formation a preliminary fly round in a
Fiper Cub or Auster aircraft

(5) Direct wireless communication
ground/air t -~ enable briefing in the air to take
place.

“2. Employment of tanks

Tanks should be retained as a reserve for
the quick foliow up (nce the way has beer
cleared by the infantry and engineers.

“3. Employment of infantry

In attacking towns it will usually be neces-
sary to divide the town into sectors, detailing
appropriate bodies of troops to deal with each
sector. Infantry reserves should also be well
forward, and it is clear that a delay of even
an hour in committing the full weight of the
infantry attack may well rrejudice the suc-
cess of the whole operation. In this connec-
tion reserves may have to be located in terms
of time rather than distance.

‘2. Employment of engineers

Until the engineers have ixen able to recon-
noiti . the damage done by the bombardment,
anJ until they can bring forward their mech-
anised equipment for rlearing = passege, tanks
and M T. ~{ the infantry -<ili be imxmnbilized.
It is essential, therefore, that engineer officers
should accompany the first infantry waves,
and the enpineer parks should be sifed well
forward.
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“5. Conclusions

CABSINQ is not an indictment of the value
of heavy bombers in close support of the
Army. Their ability to land a knockout blow,
without warning is still a.1 advantage which
no other form of attack enjoys, but it must be
realized that there are limiting and control-
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ling factors for this as with 2l other types of
fire support.”
By command of General WILSON

J. A, H. GAMMELL,
Liettenant General,
Chief of £aff
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HEADQUARTERS
MEDITERRANEAN ALLIED TACTICAL AIR FORCE

Reference- 11 July 1944

TAF/69/AIR

ATTACK ON CASSINO, ITALY, 15 MARCH
1944

Appendices:

Appendix ‘A’—Detailed plan for Air Bom-
bardment.

Appendix ‘B'—Plan for Infantry and Tank
Attack.

Appendix ‘C’--Timing and Results of Air
Attack.

Appendix ‘D’—Report on Attack by HQ, 5th
Army.

Appendix ‘E’--Report by M.AT.AF. Ord-
nance Officers on Visit to CASSINO.

INTRODUCTION

1. The attack on the town of CASSINO on
the 15th of March 1944, is of particular in-
terest, as owing to the failure of the many
previous attempts to capture the town by the
more normal methods, in this operation an
attempt was made to overcome the fierce
enemy opposition by a preliminary, intense
ano concentrated air and artillery bombard-
ment. It was hoped by this means that the
defenders would be so demoralized and dazed
that our ground iorces could occupy the town
with iittie diffienity.

TACTICAL IMPORTANCE OF CASSINO

2. CASSINO, through which passes High-
way 6, one of the main highways to ROME,
lies at ine yuaction of ‘he RAPIDO and LIRI
Valleys. The town itself is situsted on the
iower slopes of a high feature known as
MONTE CASSINO, which dominates both
valleys, Highway 6 and those parfs of the
RAPIDO River, which can e bridged at this
time of the yesr.

3. It was essentiial t¢ make use of Hignway
6 for an advance up the LIRI Valley, which
was the only feasible axis of advance for the
capture of ROME br +ra00s on this front The
ceuture of CASSINO town and the MONTE

_)r

CASSINO feature, was, theretore, of the ut-
most importance.

4. German forces were strongiy established
both in parts of CASSINO fown and on
MONTE CASSINO, and on the intervening
slopes. They had taken full advantage of the
sturdy concrete and stone buildings in the
town, and cellars reinforced with heavy t.m-
ber had been trausformed into strong points.
Furthermore, the entiauces to caves in and
aboui the town afforded good bomb-proof shel-
ters, gun positions and observation points. At
the time of the operation, we held a footing
in the Southern part of the town.

5. Several attempts had been made to cap-
ture CASSINO. First a fronial attack was
carried out simuiltaneously with the ANZIO
landing. In thizgttack our troops succeeded
in crossing the RAPIDO River just south of
the town, but were forced to withdraw owing
to heavy counterattgcks. Later, several at-
tempts were made to' outflank the town fro.a
the NORTH and to capture MONTE CASSINO,
bat these also falled, even aiier the Abbey, on
its summit, had been reduced by heavy
bombing.

6. It is of interest to note that both the Ger-
man and Italian high commands fully appre-
ciated the imy. rtance and strength of this po-
sition, forming as it did & natural bastion in
the defense of ROME. In fact, the situation
that now presented itself had frequently
formed the basis of Staff College studies on
defense in times of peace.

GENERAL PLAN FOR THE OPFR2.'TION
7. The general plan of the operation was

divided into the following three stages:

(i) The captuce of CASSINO town.

(i) The seizir-, st MCi{TF TASSINO by
simmiinicous attacks frou; the east nnd west.

(iii) The establishing of a liinited bridge-
head across the RAPIDO River in the area
SAN ANGELO to CASSINO, where sufficient
tank and artillery force. could be concen-
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Valley.

8. The Army appreciated from past ex-
perience thai, owing to the strong natural and
artificial defences, ground forces alrne could
not capture the town without suffering heavy
casualties. It was therefere agrezed that an
attempt should be made to surprise the enemy
by an intense and concentrated air bombard-
ment, followed by a heavy artillery concertra-
tion. It was ho.ed by this means to sn stupify
wnd demoralize the defenders that the ground
forces could attain their objective with the
minimum of loss

9. The governing factor in deciding “D” Day
for this operation was, of course, the weather,
both from the point of view of being able to
carry out the air bombardment and also the
ability to operate tanks over this somewhat
naturally marshy ground. At this time of the
year the weather can be extremely variable
and as it t'1ed out it was some three weeks
after the plan was made before conditions
were suitable. Further, the decisicn to lay
the operation on had to be taken some hours
before *“H” hour te enable our forces occupy-
ing their part of the town to bs withdrawn
in safety before the bombardment com-
menced.

DETAILED PLAN
10. Pkase “A”—Air Bombardment

(i) The plan demanded that a minimum
of 750 tons of bombs should be dropped in
the town area in the shortest possible time,
Having regard to ihe nature of the defenses
it was decided that bonibs of 1.000 jounds
weight and ove, be used and that fusings
shouid permit penetration of buildings down
to basement depth.

(i} In order to provide this weight of at-
tack it weas decided to utilize the Mediter-
ranean Allied Sirategic Air Force, in addition
to the five Groups of Medium Bombers avail-
able to the Tactical Air Force. Formations
were schieduled to attack in waves every 15
minutes from 0830 to 1200 hours. The de-
tailed programme of attacks is attached at
Appendix “A”.

11. Phase “B"—Artillery Bombardment
The air bombardmext was to be followed by
a heavy artillery bembardment on enemy
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streng points, heavy gun positions and obser-
vation points lasting 40 minutes.

12. Phase “C"—Infantry and Tank Attack

The advance of the infantry into CASSINO
was to commence at the conclusion of the
main zrtillery bombardinent and was to be
covered by a creeping artillery harrage moving
through the town 100-200 ,&sas xhead of
them. Fighter bombers of XII Tactical Air
Command were to be available te assist the
assault by attacking pre-selected targets un-
der the direction of a forward fighter con-
troller. Details of the plan for the infantry
and tank attack are attached at Appendix “B”.

EXECUTION AND RESULTS
13. Phase “A”--Air ‘Bombardment

(i) Between 1830 and 1200 hours on 15th
March, the CASSINO area was bombed by 72
B-25's, 101 B-26's, 262 B--17's and B-24’,
totalling 435 aircraft. In all, 2,214 one thou-
sand pound bombs were dropped, making a
total weight of 988 tons. Of these, it is esti-
mated that some 300 tons feil in the actual
town itself, the remainder falling on the
slopes of MONTE CASSINO and in the nearby
vicinity.

(ii) The timing and full results are
shown in Appendix “C”. From this it will be
seen that whereas the attacks by the Medium
Bombers were generally punctual and the
bombing concentrated and accurate, Heavy
Bombers were frequently at fault in all these
respects. Consequently, not only did the tar-
get not receive the full weight of bombs in-
tended, but there werc frequent long pauses
between attacks.

(iii) Certain of the Heavy Bombers were
unable to identify the target, 23 returning to
base with their bombs and two jettisoning
theirs into the sea. Due o rack tailure on the
leading aircraft of one formation, 40 bombs
were dropped within our lines, resulting in a
number of military and civilian cesu:aties.

(iv) Little flak was experienced and no
en~my aircraft were encountered. We suf-
fered no losses.

14. Phoce “B”—-Artiliey Bomuardment
(1} Operalions 15th wlarch
At 1200 hours the artillery bom-
bardment opened and the leading battalion be-
gan to cros. {he 1,000 yards which separated

<
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them from the town. By 1300 hours they had
secured a foothold in the town and some of
our old positions on the southern outskirts
were in our hands. The paraiyzing effect of
the heavy bornbardment was immediately ap-
parent, and good progress was made against
gradually increasing enemy resistance. By
the evening our troops had penetrated to the
northern parts of the town, where heavy hand-
to-hand fighting developed. The infantry
fought with litile heavy support, as for the
whiole of the day tanks were unable to enter
the shattered town as the roads into CASSING
were so damaged and blocked with masonry.
Extensive R.E. work was therefore necessary.
The town itself was in ruins and as the enemy
began to recover from the effects of the bom-
bardment his snipers appeared in the houses
and made it impossible for the sappers to clear
the streets.

The first afternoon’s fighting had
yielaed important results and the stage was
now set to exploit these during the night, tak-
ing advantage of the enemy’s disorganization
and using the light of a bright moon to re-
group and continue the advance. The plan
was for the leading brigade to complete the
mopping up of CASSINO, whilst another bri-
gade proceeded to capture MONTE CASSINO.
Up to this time the operation had developed,
more or less, accerding to plan, but in the
evening the weather broke and torrential rain
fell during the night. The advantage of the
moon was lost and visibility reduced to a stae
where, hamperr ' as they were by mud-filled
craters and crumbling debris, the infantry
could make no further progress. This was un-
f~~tunate, for it enabled the enemy, who had
% @ advan.age of superior knowledge of the
streets and buildings, to .eorganize and rein-
force a number of strong points. Communi-
cations deteriorated, for the rain and mud
affectea many of the wireless sets carried by
the infantry, and the laying and maintenance
of wire was hampered by sniping from buaild-
ings in the town. Rain collected in the bomb
craters, and to clear the road for tanks it was
now necessary to brifige each individual rratir,
often under intense mortar fire.

i —
Specific Rest

Use Military Classification Saferuards

(1) Operations 16th March

The fighting on 16th March was
confused, and in the town the enemy held out
in a number of strong pcints. During the
morning, however, six tanks found an alterna-
tive route into the town from the north and
destroyed a number of snipe~* positicns. By
the evening the infantry had reached the area
of the CONTINENTAL HOTEL, where a strong
enemy position covered Highway 6 to the east
and south.

(ili) Operations 17th March

At dawn on the 17th March the
tanks attacked the enemy in the southwest
corner of the town. Fighting continued
throughout the day. The enemy resisted
stubbornly and the situation remained very
confused. The enemy's knowledge of the
town and its defenses, and hic superior cb-
servation, enabled him to put down heavy and
accurate mortar fire on the attacking infantry.
On our side, supporting fire for the attack was
difficult to provide due to the lack of knowl-
edge of the progress of our forward troops,
while tanks were still restricted in their move-
ments. By evening, although some progress
had been made, the e 1emy still held a number
of strong positions in the town, including the
CONTINENTAL HOTEL. The attack on the
railway station was more successful, however,
and by evening it was occupied by our
infantry.

(iv) Operations 18th-23rd March

Infantry and tank attacks on the
CONTINENTAL HOTEL and other strong
points in the west of the town continued for a
further five days against ever stiffening re-
sistance without any appreciable success. On
23rd March, it was finally decided to abandon
th~ attempt to capture the towa, as it was
clear that success could only be u<nieved at
the cost of heavy casualties and by using up
in« reserves for further projected operations.

16. Considering tre natu~e oi the fighting,
casualties were not ericosively hesyv  Firing
the assault immediatelv after the air and ar-
tillery hcmbardments they amounted to less
than 200 k'lled and wounded, while during the
remainder of the operations up till the with-
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drawal they amounted to 1,316 killed and
wounded in the town.

RESULTS

17. A considerable part of the town was
taken and a fair number of prisoners cap-
tured. Nevertheless the operaticn failed to
achieve the results interided. The bombing
destroyed most of what stili remained stand-
ing among the houses of tne town except ior a
fringe round the edge. The chief damage was
~aused by rubble, which blocked the entrances
to cellars and caused a number cf the enemy
to be trapped. Evidently posts were aban-
doned to take cover, as prisoners of war stated
that machine guns in the open had to be aban-
doncd as it was not possible to get tl.em under
cover. On the other hand, the stronger de-
fenses did not appear to have been seriously
affected. One mobile pillbox, however, was
moved bodily by a near miss but the cccuipants
were not hurt. Enemy communications were
completely disrupted, bul the town was under
good observation from the siopes above. All
roads were heavily cratered and blocked with
fallen debris. Where the ground was low, and
even on the higher ground, aifter the rain
started the craters filled with water. These
had to be bridged fo enable tanks to get
through.

18. It has been hoped that the heavy scale
of bombardment might have produced a high
degree of demoralization among the defend-
ers. Although a special psychiatric report
rendered after the operation was over stated
in general terms that the bombing had onlir
slight effects ur-n the Coermans mentally,
some of the early prisoners questioned in the
first 24 hours, iicwever, hold the view that the
bombing had had a very decisive effect. It
had come ~< - complete surprise, and although
they were prepared for an intensive artillery
barrage and for bitter street fighting, they had
no conception of having to erdure intensive
air bombardment as well. To sum up, it
would be fair to say that although the enemy
recovered rapidly they we-e undoubtedly
shaken and disorganized for a certain perciod
of time. In this ccnnection, it should be
pointed out that the German troops con-
rerned came from a Paratroop Division with
high morale.

aleguards
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19. A more marked effeci might have been
caused, however, if the bombing had been
more accurate and continuous and concen-
trated into a shorter period of time. The com-
bihed effect of bad bombing and puor timing
by the Heavy Bombers resulted in intermittent
attacks on the target, with app: 2ciable periods
of rest which enabled tlie defenders to recover
before the attacks were resumed.

20. Although the weather was suitable for
the initial bombardment, it was unfortunate
that it turned unfavorable at the end of the
first day’s operations. Up to nightfall con-
siderable progress nad been made and it is rea-
sonable to assume that had the fine weatler
continued throughout that night and the fol-
lowing day, complete success might have been
achieved. The bad weather, however, seri-
ously hampered our movement and allowed
the enemy to reorganize and consolidate his
position.

CONCLUSIONS

21. Although the operation failed in its de-
sired object, it is possible to draw certain rea-
sonable conclusions from the results achieved.
These may be categorized as follows:

(i) Under certain civrcumstances a
heavy scale of air bcmbardment can assist
materially in softening up defenses to facili-
tate their capture by infantry. Employed in
close support of a ground operation, however,
air bombardment cannot be expected to oblit-
erate strong defenses and determined resist-
ance, and it must always be realized that air
bumbardment can only be supplementary to
the ground attack. The infantry must close
with the enemy to achieve final victory. There
is no substitute for the infantry.

(ii) In order to produce the maximum
effect on eneniy morale, bomahing must be con-
tinuous and strict attention paid to timing of
use attacks. Where, however, targstc are of a
limited arez and calm air conditions prevail,
it will not normally be practicabie to com-
press attacks into less than fifteen minute in-
tervals as smoke and dust wiii obseure the
targer. T..ce intervall :nould. hinwever, he
reduced to the gbsolute minimum

(iif) The size of the force used must be
governed by the ability to find and hit the
target hard i a stated period, and not by the
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desire to drop an arbitrary weight of bombs.
Heavy Eombers, accustomed to a strategic
role, may not be sufficiently accurate to at-
tack close support targets. unless they are un-
mistakable or can be clearly marked by arti-
ficial means.

(iv) The ground attack, which must be
aggressive, determined, and at maximum
available strength, must be launched imme-
diately the bombardment ceases. The stun-
aing effect can only be temporary and the
enemy must no. be given sufficient time to re-
cover his shattered senses. Owing to the
heavy damage to roads by cratering and fallen
debris, it will seldom be possible to employ
tanks and armored vehicles for some consid-
erabie time afterwards. Their participation
in the immediate attack shouid not therefore

Rm
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be considered. Heaps of rubble and half de-
stroyed buildings will also provide the enemy
with advantageous firing points and positions
for defense. The maximum amount of in-
fantry was not employed in this operation,
nor was the attack aggressively pushed. Too
much reliance was placed on ti.e ability of the
bombardment to eliminate the opposition.
(v) Such operations must be regarded
as “combined” operations in the true sense of
the word. Each arm has a particular part to
play and every operation of this kind must be
studied and planned on an interservice basis.

Signed (Name illegible)
Major General,
Commanding General,
M.ATAF
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THE BATTLE OF EL ALAMEIN

OBJECT

The object of this study is to determine
whether or not the British or the Axis could
have made effective tactical use of an atomic
bomb at El Alamein.

CCNCT.USIONS

In this enclosure conclusions are given for
four situations, based on four totally different
assumptions. In the first situation it is con-
cluded that 3 atomic bomb explosions would
have prevented the British in ordinary uni-
torms from executing an effective offensive,
while 5 atomic bomh explosions would have
incapacitated up to 100 percent of the effec-
tive forces. In situation two it is assumed
that British troops would have been equipped
with special uniforms and conciusions are that
10 atomic bombs would probably have been
sufficient to prevent their offensive, while 12
atomic bombs would have been sufficient to
incapacitate more than 50 percent of the men
massed for the attack.

In situation three it is concluded thal there
was an incident of concentration at the break-
through point in which the employment of a
20 KT atomic bomb, suitably placed by the
Axis, would have broken the strength of the
British attack Howecver, the proximity of
Axis troops in battle contact with the British
would have made the decision to use an atomic
weapon very difficult in view of the inaccuracy
of whatvver method of delivery was chosen.

In the fourth situatior. it is concluded that
the use of one 20 KT atomic bomb by the
British at the attack salient would have
cleared a path probably sufficlent to efiect a
breakthrough immediatelr thcreafter. One
additlonal 20 KT atomie bomb, suitably piaced
over two Axis divisions, would probably have
led to rapid consolidation of the breakthrough
with subsequent encirclement of the remain-
ing Axis forces.

HISTORICAL DATA ON THF, CAMPAIGN CF
EL ALAMEIN MILITARY, ECONOMIC,
AND POLITICAL CONSIDERATIONS

To the desert-weary Axis Army of North
Africa, the fertile Nile Delta would be a wel-
come haven. Beyond lay thc Suez Canal,
classic link in the British life-line of empire.
Capture ol the delta could mean the A4nal
denial of the eusiern seulierranean to the
Allies, domination of Zyypt and the other Mid-
dle Eastern lands—a decisive step in the vast
Axis pincers movement affecting Allied aid to
the USSR; and great stores of oil from Iraq
and Iran.

The Allies, on the other hand, required
desert victory to destroy the enemy forces in
Libya, to put an end to this see-saw battle
of advance and retreat to Benghazi and to win
great influence over the French, by a quick
and spectacular success, in connection with
the forthcoming operations in northw.st
Africa,

GEOGRAPHICAL CONSIDFRATIONS

The region of El Alamein station presented
peculiar tactical problems in the north. Sailt
lagoons which border the Mediterranean give
way to a sandy coastal strip on which the rail
line and roads to Alexandria run. In the cen-
ter of the 40-mile pos‘tian there are ridges and
rocky hills covered with a thin layer of sand.
Farther south, rock out-croppings are more
frequent and finaily fall away abruptly into
the Qattara Depression, which & *med the
southern anchor of the line.

The ground itself was very flat; therefore,
there were few observation pnsts with any
appreciatle comman? of the surrounding
country. Special difficuluies wece presented
by the absence of well-defined features and
landmarks, for determining objectives and
maintaining direction (see Figure 26).
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Figure 26.—Sand Storm in the Desert near Alamein

The enemy’s southern defenses were strong-
tv wired, but, by comparison, the northern
s¢ - tor's defenses were not particularly formid-
ai-i¢ as to wiring (see Map 15).

Strategic surprise wus therefore impossible.
How to gain tacticai surprise? The date,
weight, and true direction of the attack must
be concealed from the enemy. Ruscs and
camouflage were empleyed on an exiensive
scale, with wireless traffic coordinated to sup-
port false concentrations. “Phantoms” were
created; real massings hidden. Forward as-
sembly ar~3- often in full view of the enemy,
had to conceal motionless troops for many
hours, in shelter slits, without hot meals.
Dummy pipelines, dummy vehicles and armor,
et cetera—all led the Axis to believe the blow
would fall in the southern sector. The suc-
cess of Allied tactical surprise is summed up
in this German study captured later iu
Tunisia:

Camouflage in the baitle area was ef-
fected in so mastertv a {ashion by the dis-
positicn of dummy vehicles .n already

-

abandoned bivouac and concentration
areas that air recounaissance was com-
pletely deceived.

Nature was needed to provide a further
requisite for offensive action: moonlight be-
fore dawn. As early as 15 October, the moon-
light factor permitted operations on a large
scale.

On 23 October it was clear and fine.
peratures were about 28° C (82.4° F).

LOGISTICAL PROBLEMS OF THE EIGHTH
ARMY

The magnitude of the logistical problem was
caused primarily by several factor:

Base ports were 14,000 miles away by sea
freon the home base, Very large reserves of
supplies, reinforcements, and siores of all
iypes, had to be buile up wel! befc: - vhe battle.

Large dumps had to be establiched in the
forward area before the offensive. Seven days’
reserve supplies were dumped behind the lines
in the nortivrn sector; five days’ supplies, in

Tem-
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the south, an u ua{}mc‘;re
reserve.

There was a single-track railway. West of
El Alamein there were serious harbor prob-
lems. The huge distance~ necessitated a very
large number of vehicles, with attendant traf-
fic control problems along the one good coastal
road.

The forward areas of the 8th Army at El
Alamein were only 60 miles from Amiriya,
which, together with certain base depots in the
Alexandria area, constituted the advanced
base for the entire army at that time. Many
desert tracks had to be built by the British,
up to XXX Corps’ starting line, through very
soft sand, This was in addition to the many
large dummy dumps in the southern sector,
and the dummy pipeline and water installa-
tions (Map 16).

Before the offensive, railheads to serve the
El Alamein defenses were established at Burg
el Arab (supplies, ammunition, engineer
stores, ordnance stores, salvage); at Bahig
(fuel); at Amiriya (personnel, vehicle and
tank delivery and recovery); Gharbaniyet, 3
miles west of Burg el Arab (ambulance); and
at Ikingi Maryut (RAF).

In addition to supplies the following re-
serves were built up at 8th Army operational
dumps:

Fuel: 500,000 gallons for X Corps.

Ammunition: 25-pounder, 268,000 rourds
(including 95,000 ior Operation Supercharge) ;
4.5 inches, 12,800 rounds; 5.5 inches, 6,400
rounds; and other, four days, at 8th Army
rates.

Ordnance stores: engines, track and suspen-
sion assemblies for X Corps; weapons and
other urgent fighting stores for army; cloth-
ing reserves

At the railheads, stocks of 3 days’ average
issue of supplies, ammunition, and fuel were
built up.

Additional ammunition holdings were stored
at;

Dikheila (Alexandria w-st); 4th AAD;
14,000 tons.

Alexandria, 4th AQD; 7 days at double 8th
Army rates.

Kilo 101, on Cairo to Alexandria road, two
days at 8th Army rates sor 1 armored division;

Tabld i
il il
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1 armored brigade group; 1 infaniry division;

and XIII Corps troops.

Two “en cas mobile” trains, each approxi-
mately 650 tons, ware held in the delta, their
location being frequently changed as a pre-
caution against sabotage and possible aerial
detection.

At the peak period of build-up, 1-23 October,
a daily average of over 2,500 tons was delivered
at army railheads.

After D plus 1. new railheads were con-
structed on schedule. EI Imayid wes to be the
first of these railheads from D pius 1. El Ala-
mein was to follow as soon as the tactical situ-
ation allowed.

Thus, the El Imayid railhead was opened on
27 October for ammunition and salvage. On
5 November El Alamein became the railhead
for supplies, fuel, Royal Engineer stores, and
ordnance stores.

Hamman was to operate for vehicle delivery
and recovery; Amiriya for personnel; Ghar-
baniyet for ambulance; Ikingi Maryut for
RAF.

Construction trains worked on a shuttle
service from Gabbary, the marshalling yard
at Alexandria.

Reserves of fuel we ‘e to be held at Amiriya,
and a restock at Dikheila. A pool of tank cars
was kept ready and loaded in Alexandria.

At the 6th AOD, Alexandria, specially se-
lected ordnance stores were held for imme-
diate call by the 8th Army. These stores in-
cluded: tank and motor vehicle spares, sig-
nal equipment, gun parts, optical stores, small
arms, spares, barrels, et cetera.

In the forward fighting areas, replenish-
ment of first-line vehicles was used satis-
factorily in infantry formations during the
advance.

Ammunition, rations, water, and petrol
t=ucks remained in the area from which the
fighting troops had moved forwa.a. Second-
line vehicles replenished first-line vehicles as
e2zly as possible in the morning. First line
vehicles then moved off to follow ap the fight-
g troope.

Under this system, unit sehicles were able
to find the route by daylight. The number
of vehicles to go forward from the assembly
areas to the chjectives, in each of the forward
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brigades. totalled some 100 (apart fromthe

150 tanks and 52 vehicles of the divisional
cavalry). To reduce the numbter of vehicles
on the desert tracks during the main attack,
3 days’ rations and water were dumped or
carried, in addition to the normal reserves
on the fighting vehicles.

Logistics. Example 1 {from a map of the
Tobruk Advance Base).
Area
Unat (sg m1)
Ad-anced Ammunition Depot .. 7.6
No. 2 Sub-Depot AODY . 1.3
Personnel Transit Camps. . 3.0
Medical Area 1 2.5
iedical Area 2 0.2
Fuel Depot 22
Engineer Stores . 0. 33
Bulk Petrol Filling Center. . 0.13
No. 3 Sub-Depot AOD. 0.1
121st Maintenance Unit, 1.2
Base Supply Depot 0.23
Workships 0.1
Arr Field e 0.6
Motor Transport Con voy Area 14.0

Logistics. Example 2 (from a map of Ben-
ghazi Advance Base).
Area

Unit (8q mi)
Cersonnel Trawsit Camps.,. . . .. . . . 1.3
RAF 124 Mobile Unit, e 0.4
Advanced Ammunition Depot.... . 1.2
Fuel Depot .... . . 11
Fuc! Depot Extensxon (Salvage) 0.3
Base Supply Depot .. 01
AOD (includes Captured Stores Depot) 0.2
‘Workshops 0.15
Air Field 0.63
Motor Transport Convoy Area 1 0.3
Motor Transport Conve  Area 2 0.5
Engineers . e e 0.1
Rendezvous Point .  ........ 0.05

Logistics. ¥~ample 3 {from a map of the
Tripoli Advance Base).

Area
Uni (sg mi)
Area
Unst (2g 1)
Personne! Transit Camps. 1.5
Engineers. . 0.3
Advanced Ammunition Depm (mcludw RAF) 30
Fuel Depot (includes RAF) 2.4
Vehicle Reception Point G4
AOD . 0.5
Signal Park (Sth Army) 0 08
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OPPOSING FORCES 23 OCTOBER

AXIS (See Map 17)
Ground Forces

Axis ground forces consisted of 93,500-
96,000 men, of whom, slightly more than 50
percent were German. There were six Italian
and two German infantry divisions. The
latter were the 60th Light Division and 1684th
Light Africa. These divisions' organization
each had 3 infantry regiments of 2 battalions,
with 4 rifle companies in each battalion.
(Note: In Europe, German battalions nor-
mally had only 3 companies.) The 184th was
very weak in artillery, and suffered from de-
ficiencies in men and materiel. It had 9,000
men at the beginning of the battie, a number
which decreased to 3,500 wiiiiin 4 weeks. The
21st Panzer Division had 12,500-13,000 men
in its southern group; 5,800-6,500 in its north-
ern group. (These strengths were reversed
geographically after 25 October.)

The following is an itemization of the weap-
ons available to the 164th Light Africa Divi-
sion on 23 October:

8539 Rifies

2721 Pistols

732 Machine pistels
385 Light machine g uns
105 Heavy machine g tns
95 Light tank weapons (PzBn)
68 Light mortars
€3 Heavy mortars
55 3.7cm Pak
93 5cm Pak !?
13 Light assault guns
3 Heavy assault guns
4 7.5cm Pak
12 Light fleld howitzers
4 10cm Cannon
6 Heavy fleld howitzers
3 8.76cm Cannon
Armor

Two panzer divisions and two Italiar. divi-
stons comprised the armor of somewhat over
500 tanks. Forty percent were Mark III or
Mark IV and 60 percent Italian vehicles. The
15th and 21st Panzer Jivisions ez had 4

* These Pak guns were divided as fcllows' Panger
Grenadier Regiment 125 had 31; Panzer Grenadler
Regiment 382 had 27; Panzer Grenadier Regiment
433 had 29; Recc.iaissance Group 220 had €

-
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tank regiment of 2 battalions and
fantry (Panzer Grenadier) regiment of 3 bat-
talions.

Antitank Artillery.—At El Alamein the Axis
armor was intermingled. In the northern
sertor, opposite the st and 10th British Di-
visions, there were three groups of 80-100
tanks each. These groups comprised 1-2 tank
battaiions from the 15th Panzer and Littorio
Divisions; 1-2 infantry battalions from the
same; and a proportion of fleld, assault, and
antitank guns. Only one of these groups
seems to have been assigned a mobile role.
(See Map 18.)

In the south, two mixed groups of 80-100
tanks each faced the 44th Division.

The Axis also formed a reconnalssance
group of 3 squadrons, with the reconnaissance
units from the 2 panzer divisions and 90th
Light Division. It consisted of an armored
car squadron, infantry in armored troop car-
riers, & heavy squadron of antitank guns,
close-support artillery, and a pioneer platoon.
Two of the units also had Independent troops
of captured British 25-pounder guns.

On 23 October, the Germans had:

Mark IXTanks. . ... . .. . ... 30
Mark IIl... ... 80
Mark II1 8 88
Mark IV . .. . ... . .. .. 8
Mark IV S 30
Staff Tanks. .. ... . .. .. ... .... 4

Total .. ... ... ... .. ... ... 238
Armored Cars. . . .. o 152
M..torcycles, et cetera ... ... .. 864
Trucks ............ ... 7249
Captured Vehicles. . ... .. 4081

Total . .. .. 12346

The Italians rad:

Medium Tanks o o 279
Light Tanks . = . o 20

Total . L . 299
Armored Cars . ... . . . 42
Motarcycles, et cetera . 439
Trucks .. o . . 2587
Vehicles . .. .. ... ... ... 113

Total . .. 3181
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Axis Assault Guns 35
Note. 20-30 percent of all vehicles were
constantly under renair.

Armored Divisions:

21st Panzer (23 October):

Tanks

Mark 11 = .19
Mark III . . . 53
MarkIII S 43
Mark IV 7
Mark IV S .15
Staff Tanks. . 6
Total . . 143
Hq, Afrikxérps ........ 7

Of the 21st f,mzer tanks, 43 were under
repair and 18 had been lost by 29 Octcber.
Littorio DMslon (23 Oct,ober)

Medium Tanks . . : . 70
Light Tanks o 20
Total . . . 90
15th Panzer Division
(23 October) :
Effective  Repair
Mark II Tanks. 12 2
Mark 71II.. .. . . . 38 5
Marknifs . ... . . 43 1
Mark IV. .. . 2 1
Mark IV S : . 15 -
Staff 'fanks . = .. .. 1 -
Total . ..o 1 9

On 23-24 October, 20 tanks were lost; 12
more were lost by ihe 29th; 4445 additional
tanks were under repair, 34-29 October. The
15th Panz-: Division hall the following ar-
tillery available:

scm Pak. .

8.8cm Flak. .

10cm Cannon. . .

10cm Field howitzer

15cm Field howlitzer .

15cm Assault gun.

Captr->d 876

Captured b.7¢xn Pak

7.62cm SP.

15cm SP howitzer . .. .

Italian guns (in battie group, !rom le-

torio Division)
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NORTHERN BATTLEGROUP

Commander: Col. Crasemann, 33 Pz, Artillery Regt.

Troops:

Hq., Pz. Artillery Regt. 33 (pius Staff Battery)

Ist Bn., 115 Pz, Grenadier Regt.

2nd Bn., 33 Pz, Artillery Regt.

3rd Flak Co., 617 Bn.

2nd Pz. Bn., Section, 133 Regt. (italian)

RESERVE DIVIS!ONS

Commander: Capt. Hinrichs, 33 Pz. Pioneer Bn.

Troops:

33 Pz. Pioneer Bn.
3 Pz. Infantry Unit

CENTER BATTLEGROUP

Commander: Maj. Schemel, (15 Pz, Grenadier Regt.

Troops: Hq. & hg., Co., |15 Pz, Grenadier Regt.
2nd Bn., 8 Pz. Regt.
3rd Bn., 115 Pz. Grenadier Regt.
13th Infantry Co., 115 Pz. Grenadier Regt,
3rd Bn., 33 Pz. Artiliery Regt.
Italian Hq., 133 Pz. Regt.
ltalian yth Pz. Bn., Secticn, 23 Pz. Regt.
Italia- 23rd Bn., 12 8ersaglieri Regt.
italian 29th Bn., 3 Artillery Regt.
ltalian Assauit Gun Section 55&.

SOUTHERN BATTLEGROLP )

Commander: Coj. Teege, 8 Pz. Begt,

Troops:

Hq.; 8 Pz. Regte
Ist Bn., 8 Pz, Regt.
2nd Bn., {16 Pz, Grenagier Regt.

Ist Bn., 23 Pz. Artillery Regt. [

tialian Hq., 12 Bersaglieri Regt.
Italian 2tk Py  fin., Section, 123 Regt.
ftalian 26th 3n., 12 Bersaglieri Regt,
italian 2nd Bn., 3 Artillery kegt.
ftalian Assault Gun Section nSu.
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Appendix B

Artillery

Artillerv consisted of about 400 guns, 900
antiiank weapons, and 50 88mm dual purpose
guns. In the British XXX Corps Zone, the
enemy was believed to ha e in action about
200 field guns, 40 mediums, and 14 heavies.
As will be shown later, these 25 batteries or
50 were subjected at F1 Alamein to British
concentrations ot up to 20 to 1.

Air Forces:
Tighters and fighter-bombers 347
Bormbers 2717
Seaplanes 36
Reconnaissance and utility 53
Total 20713

ALLIES (Map 17)
Ground Forces

Ground forces consisted of 150,000-177,000
men. The XXX Corps contained 14 infantry
brigades, 1 (New Zealand) armored brigade;
the XIII Corps had 7 infantry brigades, 1
armored division, 2 armored brigades, a
French flying column (2 battalions of Foreign
Legion, and Spahis). The X Corps consisted
of 2 armored divisions, 2 (New Zealand) bri-

gades. Altogether they totalled 7 infantry
divisions, 3 armored divisions; and armored
brigades.
Armor (excluding replacements) :
Sherman Tanks 267
Grants 123
Stewarts 128
Crusader (6-pounder) i%5
Crusader (2-pounder) 255
Crusader (Close Support) 35
Valentines 196
Total 1,114

Units present: the X Corps consisted of the
1st Armored Div, 2nd Armorcd Brig, 10th
Armored Div, 8&h Armored Brig, and the 24th
Armored Brigade. The XIII Corps had the
7th Armored Division, 4th ‘Light) Armored
Brigade, and the 22nd Armored Brigade. The
XXX Corps contained the 9th Armored Bri-
gade, and the 23rd Armored Brigade.

> Includes Greece, Sicily, und Crete based.

' S

British Armor Situation, 23 October

Note. The foliowing figures refer to effec-
tive tanks actualiv with units and formations
on this date.
9th Australian Div Cavalry Regt 17

40 Bu, Royal Tank Reg. (under com-
mand, 1-26 October inclusivz, and on

31 October) 44
61
51st Highland Div 50 Bn, Royal Tank
Regt (under command) 36
2nd New Zealand Div
9 Armored Brigade 122

2 NZ Div Cavalry Regt (armored cars) 62

8 Bn, Royal Tank Regt (under com-
mand) 44

Note. The 9th Armored Brigade on 23 Oc-
tober was an integral part of the 2nd New
Zealand Division, which had only 2 infantry
Erigades.
4th Indian Div

British Artillery Situation, 23 October

9th Australian Division: Normal Divi-
sional Artillery:

none

Guns

3 Field Regts (each of batteries, each
of 2 troops) 72

1 Antitank Regt (of 4 batteries, each of
4 troops) 64

1 Light Antiaircraft Regt (of 3 bat-
teries, each of 4 troops) 48

Additional artillery under command of
the 9th Australian Division, 16-31
October, consisted of:

6 Troops of 146th Field Regiment (guns
only, but rc battery or regiment staff) 24

Total Artillery 208
51.¢ Highiand Division: Normal Di-
visional Artillery:
3 Field Regts (each of 3 batteries,

each of 2 tro: st 72

1 A anank Regt (of 4 peiteries «.ch
of 4 troops) 64

1 Light Antiaircraft Regt (of 3 bat-
teries, ~2ch of 4 troops) 48
o5




-

SUMMARY (

Analysis of Military Assistance Frogram

TaBLe XIV

HITiSH ARMOR, 23 OCTOBER
i | | I ) CRU- ! ARMORED CARS
i \'ALE}\-‘ SHER- | cBU- ‘CRU’ SADER . | TOTAL |———7———
FORMATION | TINE | max | OBAYT | SADER | SADER | CLOSE | STUART| 1 vyo | Dame

I i ME. II | MK. III | 8UP- ler M-H | Total
e ' | FORT b | ! N
9th Austr. Div, 11 13 4 61
51st Highland Div 36 36
2nd NZ Div 36 37 29 12 8 29 151
1st S A. Div 44 44 4 58 62
4th Tndan Div . .. —_ [

Total 124 36 37 42 12 8 33 292 4 58 62

Note In addition, the 51st Highland Division had a coinposite squadron of carriers. Al infantry battalions had
as an integral part a platoon of carriers, varying i strength, but no exact figures aie avallable. The Field Artillery Regi-
ments of Divisional (nat additional) Artiilery had a number of “Armored OP’s” which might be armored cars, ca.riers,
Stuart tanhs, or armored trucks Numbers and types vaned considerably.

TaBLe XV
SUMMARY OF ARTILLERY, 23 CCTOBER
FORMATIO FIELD ARTILLERY ANTITANK ToTAL LT AA | TOTAL
ORMATION Dwv_ | Addl | Total | 6-pdr | 2-pdr i R
gth Aust Div 72 24 96 64 64 48 208
51st High Div 72 i2 84 48 16 64 48 196
2nd NZ Div 72 24 96 59 59 48 203
1st S.A Div? | 72 12 84 48 16 64 48 196
4th Indian Div 18 _ _48 5¢ _l()_ 64 48 160
Total 336 72 408 273 42 315 240 963

! The 1st South African Division had in addition 3 18-pounders and 6 50-mm used as antitank guns.

Additional artillery under command from
17-24 October from the 1st Armored
Division was.

3 Troops of the 28th Field Regiment

(guns oniy) 12
Total Artiuery 136
2nd New Zealand Division: Normal Di-
visional Artillsry:
3 T:i0 Regts (each of 3 batteries, of
2 troops) T2

1 Antitank Regt (of 4 batteries, each
of 4 troops)
1 Light Antiaircraft Regt (of 3 bat-
teries, csch of 4 troops) 48
Additional artillery under command, 17-
24 October, from the 1st Armored
Division was:

" Division had 59 6-vaunders, of its establishment
ol 64 6-puunders

96

3 Troops of 98th Field Regt and 3
Troops of 78th Field Regt (guns
only) 24

Total Artiller’ 203

1st South African Division: Normal Di-
visional Artillery:

3 Field Regts (eaca uf 3 batteries, of 2

troops) 72
1 Antitank Regt (of 4 batteries, each of

4 troops) 64
1 Light Antiaircraft Regt (of = * atter-

ies, each of 4 troops) 48

£.dditional artillery under ccmmand, 17~

24 October, from the 14tk Armored
Divizion was:

3 Treops of 98th Fieid Regt (guns

only) 12
Total rtillery 108
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4th Indian Division: Normal Divisional

Artillery:
3 Field Regts (each of 2 batteries, of
2 troops) 48
1 Antitank Regt (4 patteries, each of
4. troops) 64
1 Light Antiaircraft Regt .of 3 bat~
teries, each of 4 troops) 48
Total Artillery . 160

In addition to the figures in Table XV,
which relate only to artillery units, there were
the following 2-pounder antitar:k guns in the
possession of fcrmations. These guns formed
the armament of antitank platoons which
were integral parts of their respcctive battal-
ions. The normal establishment was 8 guns
per battalion, or 24 per infantry brigade.

Guns
9th Australian Division . 80
51st Highland Division. 72

2nd New Zealand Division (which had 2
Infantry Brigades only, instead of 3) 60

1st South African Division 48
4th Indian Division 72

Total v . 332
Note. Field Guns 25-pounder

Antitank 2-pounder or 6-pounder
Light Antiaircraft 40-mm Bofors

Artillery (excluding replacements) of en-

tire 8th Army:

25-pdr (field) (3.45 inch or almost
88mm) . 832
4.5 inch (m~dium) 32
5.5 inch (medium) 20
103-mm (8eld) . (“Priests”) 24
908
6-pdr (antitank) 753
2.pdr RA (antitank) 105
2-pdr Inf (antitank) 418
1,274
4.2 inch CW Mortars 12

Note. Divisional artillery CP’'s were very
simple and mobile. The 2nd New Zealand
Division’s CP had 1 3-ton lorry and 3 Dodge
3-cwt trucks. Reeimental CP’'s had 1 staff
car and 1 dug-oul. Slnce medlum artillery

abeey,

Secret

ulred
Hafeguards

was a Iavonte Stuka target, these troops al-
ways deployed in a diamond or square for-
mation, with the guns 100-150 yards apart.
To avoid exhaustion of personnel, the gun
crews were increased in size before the batile
started.
Air Forces

The alr force consisted of 500 fighters and
200 bombers.

AERIAL EFFORT

The RAF had gained almost complete air
superiority by 23 October. This, together
with the ineffectiveness of the enemy’s artil-
lery, enabled the British to concentrate ¢ far
greater number of guns and vehicles in a small
area than would have Loen justifiable without
such superiority.

Beginning on the night of 18-19 October,
the Allied alr attack stepped up its tempo and
ran well over 700 sorties daily. The 8th Army
attack was definitely withheld until the RAF
command on 25 October gave positive assur-
ance of complete domination of the air.

After the September battlcs, prior to the
opening of the British offensive, alr activity
in the Middle East battle area was rastricted
due to the scarcity of targets resulting from
the absence of full scale ground fighting and
need for both sides to build up serviceability.
During the period 6 September-22 October,
the RAF made the following attacks: 24 me-
dium bombers; 77 light bombers; and 341
fighter-bombers plus low-flying fighter at-
tacks on lines of communications behind the
enemy’s front.

On the night of 23-24 October, 66 Welling-
tons and 24 Albacores attacked continuously
in the rorthern and southern sectors, concen-
trating on cnemy gun positions, armor, and
encampments. Thirty night-fiying Hurrl-
canes (from Squadron 73) strufed ammuni-
tion trucks, fleld guns, emmuwuzion dumps,
vehicles, transport, and repair shops.

On 24 October, a record number of light
bomber sories was flown cgainst enemy
vehicles, In all, 14 :‘tacks were made, 174
sorties being made by Boswons and Baltimores,
and 48 by Mitchells. These sorties were sup-
ported by escorting Kittyhawks and P-40's.
These atw ks met the heaviest antiaircraft
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activity, 5 Bostons and 1 Baltimore being de-
streyed and 7 Bostons and 3 Baltimores be-
ing seriously Jdamaged. Twelve Hurricane
ITD’s escorted by Hurricanes destroyed 18
tanks on El Taqa Plateau. There was con-
stant fighter patrol over the battle and for-
ward areas by Spitfires and Hurricanes and
constant cover for ths assembled armor.

On 24-25 October, 69 Wellingtons and 16
Albacores sttacked enemy transport in the
northern sector and Squadron 73 of Hurri-
canes strafed the central and southern areas.

On 25 October, 7 light bomber attacks were
made by 96 Bostons and Baltimores, with 24
Mitchells, 46 fighter-bomber sorties and con-
tinuous fighter patrols by Spitfires and Hurri-
canes; they shot down 6 ME 109’5, 1 MC 202,
damaged 4 ME 109’s and 8 fighters, witl: a loss
of 1 Kittyhawk. US P-40's destroyed 3 Ger-
man fighters and damaged several others.

On 25-26 October, the Welingtons and
Albacores attacked enemy transports.

On 26 October, there were 7 attacks by 100
Bostons and Baltimores, 22 Mitchells’ and
escorting Kittyhawks on concentrations of
troops in the northern sector. Independent
aitacks were made by 30 well-escorted Kitty-
nawks, and light bomber attacks were made
on air fields. Tank busters of Squadrons 6
and 7, South African Air Force, ini the south
got 4 tanks and 2 armored cars. Seventeen
enemy fighters were shot down, 13 damaged,
and 9 probably destroyed. The RAF lost 4
fighters.

During the night of 26-27 Octoker, the me-
dium bombers ccnitinued thelr nightly atiacss
in the norihet.. sector and also bombed tie
Adi Haneish ianding grounds in order to limit
the enemy’s mght bomber effort. Night-fly-
ing Hurricanes also carried out offensive pa-
trols over tnese enemy landing grounds.

On 27 October, ten at'acks on enemy con-
centrations were made by 177 escorted RAF
and USAAF bombers. In the meantime, fight-
er-boravers attacked another concentiation
of enemy trausport in the central and south-
ern sectors where the flak was less formidabie
Additional bomber activity indicated success-
ful attacks on the docks and railways at Mat-
ruh and the landmg groand at Fuka. Total
enemy losses during .lie day were 7 bombers

98

Analysis of Military Assistance Program

and 11 fighters destroyed, 7 bombers and 1
fighter probably destroyed, and 5 other air-
craft damaged. RAF losses were 4 fighters
and 1 Baltimore shot down.

On 28 October, the last day on which enemy
land forces took the initiative, 7 attacks were
made in an area 3 miles by 2 miles against
tanks and vehicles Sixty (hres Baltimore
sorties, 39 Boston sorties, and 24 Mitchell
sorties were flown with an escort of 108 Kitty-
hawks, 39 P-40's, and 12 Hurricanes. The
RAF shot down 9 planes, probably destroyed 3
more, damaged 6, and lost 2 fighters. The
USAAF shot down 4.

For this last peried, 24-28 October, Allied
air sorties averaged 811. October 24, the first
day of battle, was the peak: 952 sorties.
Twenty-five planes were missing when the
phase ended.

ALLIED ARTILLERY EMPLOYMENT
AND THE BATTLE OF EL ALAMEIN

For any major attack, no restriction was
placed on ammunition expenditure. xcept
for the initial atiack, when ample time for
preparation was available, the limiting factor
was the ability of the second line and unit
transport to bring up what was requived. The
divisions on the fror f of the main attacx were
never limited in anmimunition, but after tne
first 2 days, the divisions on the southern and
central parts of the front in both corps were
limited to 40 rounds per gun per day.

To provide for this tremendous outlay of
shells, elaborate and concealed dumping pro-
grams were initiated. Each gun position was
to dump 620 rounds per gun during darkness,
in the days before the hattle. Thus. the 2nd
New Zealand Division’s Ammunition Com-
pany spread its program over nights. For the
96 guns under its command, 12,096 rounds per
night were dumped cach of the first 4 nights.
™ the fifth night, 11,000 25-pounder and
§,600 Bofors ammunition: rounds w-:re cached.
To accompiish this, the ammunition tracks
veare Joaded with only 63 rounds per gun each,
the first 3 nights, so that onc «un per troop
couid be fonipleted ea-» of those tignts.

On rhe northern secto., for meore than 2
weeks prior to the attack, a silent counter-
Lattery policy was adopted, except for certain
destructiv: firing against particularly active
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Appendix 8

enemy batteries, and neutralization firing
against roving guns.

In the main attack, set for the night of
23-24 Octoher, the frontage of attack was
some 7,000 yards, fcr the 4 divisiors engaged.
Support was to be provided by 360 25-pounders
and 48 medium gans. There were only 3
regiments of the latter (2 of mixed 4.5-inch
and 5.5-inch batteries, one of 4.5-inch guns
alonc), so all were used for the main attack
in the north, under CCRA, XXX Corps. In
addition, some 48 25-pounders were available
from 4 Indian divisions for the initial phases.
The concentration of 25-pounders was thus
about 1 gun per 17 yards of frontage of
attack.

Inasmuch as the attack was to advance to
a depth of about 4,000 yards, the fire plan
took the form of concentraticns on all pre-
pared defensive locaiities, the fire lifting from
locality to locality at an average rate of 100
yards in 3 minutes. In 2 localities where Axis
defenses were less well defined, support took
the form of barrage, with an average rate of
fire of 2 rounds per gun per minuie

For 20 minutes before zero hour for the in-
fantry attack (1940-2200 hours GCT), an un-
precedented counterbattery neutralization
opened up. At various phases of the attack,
up to 4 field regiments and 3 medium regi-
ments were used on counterbattery tasks, but
at other times all available guns were concen-
trated on the enemy’s forward positions.

The counterbattery fire kept up after the
normal artillery plan had ceased. The me-
diuma artillery program lasted for 5!> hisuas,
but the guns 1..ed more or less continually for
20 hours, and the ammunition expenditure
was over 300 rounds per gun.

The Auctralian infantry division was sup-
ported by its own 3 field artillery regiments
and 1 medium artiliery regiment; and 1 at-
tached medium artillery regimen., besides the
fire assistance of the 2 neighboring divisions
at tirnes.

The New Zealand division had 4 field regi-
ments and 1 medium bactery; totalling 10z
guns. The frontv of flie was 2,500 yards, as
first objective (1 gun per 24 yards). This arc
widened to 4,800 yards, as final objective (1
gun per 46 yards). As this was not really
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sufficient for an urtillery barrage, the program
provided for 25 percent of the guns (1 per
100 yards of front) to fire on a barrage line
to keep the infantrv on its proper line of ad-
vance. The remaining 75 percent of the guns
were to fire timed concentrations on known
enemy defenses. This division’s infantry had
assembled on a start liue 1,77, yards from ihe
enemy positions, the 5th New Zealand Bri-
gade attacking on the right, the 6th New Zea-
land Brigade on the left. The 9th Armored
Brigade followed Closest io the assaulting
infantry were tho 25-pounders. The remain-
mg 25-pounders were posted farther behind,
furnishing tne heavy barrage, while 800 yards
behind the front of the barrage were the me-
dium artillery. Zero hour was 2000 hours
All 4 divisions attacked sumultaneously, be-
tween 298 and 285 grids (approximately 8
miles of total frontage and 4 miles of depth).
Owing to the dust and smoke raised by the
artiilery barrage, visibility was no greater than
20-30 yards.

In the assault waves attacking across the
minefields were the division’s rifle companies;
20 officers and 400 men Behind came the
heavy weapons carriers; 15 officers and 330
men.

In the subsidiary attack carried out by the
XIII Corps in the scuth, support was proviued
by a mixture of barrage and concentration,
preceded as in the XXX Corps’ operation by
concentrated fire for 30 minutes on Axis bat-
teries and locaied antitank guns. As pre-
viously mentioned, no medium artillery was
available here.

Several smaller attacks were launched, gen-
erally supported by concentrations of fire.
The 51st Highland Divisicn was supported pri-
marily by X Corps artillery. Depth oi all at-
tacks went to 4,000 yards. The initia] attack
took 3 houts, in addition to counterbattery fire.

To the extreme north, the 24th Austraiian
Brigade of the 9th Australian D'y .on made a
feint attack between Tel El Eisa and the coast.
support was furnished by a chemical waifare
mortar company, fliing HE shells. Only 2 of
thiz cornany's 2 sedtisnis (U35 Lguads) could
be deployed. These 12 4 ¢ inch u urtars were
allotted ail of the availabie 1,600 rounds of HE
shells. The mortars fired for 4 hours, averag-
1ng 133 bomnbs per piece fired during the night.
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One regiment of Bay’afl Artillery was
equipped with US-manufactured 105mm gun-
howitzers mounted on medium tank chassis
(the British Priests). These vehicles were
used for immediate support of armor alone,
and moved up with the latter. Priests were
not included in any of the artillery night ac-
tions or day concentrations at £1 Alamein.
Ammunition expenditure totalled 18,000
rounds.

The total number of 25-pounder rounds fired
during the period 23-24 October to 4-5 Novem-
2er was over 1,000,600 rounds. Average ex-
penditure of 25-pounder ammunition was 102
rounds per gun per day, through this 12-day
period.

Over the same lengta of time, the medium
artillery fired an average of 133 rounds per
gun per day (4.5-inch guns) and 157 rounds
per gun (5.5-inch guns).

Supplementary Artillery Actions

The initial atiack on 23-24 October may
have seen the most spectacular employment
of artillery in the desert by the British, but
other succeeding major concentrations are
worthy of note in the next 12 days of fighting

On the night of 30-31 October, the 26th
Australian Brigade launched :.n attack north-
ward. The field artillery of 3 infantry divi-
sions and 1 armored division lent support,
in addition to i field regiment and 3 medium
regiments. A total of 260 guns was em-
ployed.

The 151st Brigade (50th Division) and
152nd Brigade (51st Division), backed by the
9th and 23rd Armored Brigades, attacked on
a 4,000-yard front on the night of 1-2 Novem-
ber; the depth w~s 6,000 yards. Bsfose ihis im-
portant offensive (known as “Supercharge”—
—just as the initial operations were known as
“Lightfoot”), the artillery opened fire prima-
rily in 2 ~~~~~ing barrage by mooniight. Since
little was known of the enemy’s defenses, and
since adequate guns were available, an abso-
lutely straight barrage commenced on the for-
ward grid line, and moved exactlv at right
angles to the apening line to a depth of 4,000
yards at the rate of 100 yards per 212 minutes.
The barrage did not extend beyond the iront-
age of the infantry attack The troops them-
selves were withdrawn to 2 line of cairns 1,700
vards behind the grid line
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The artillery units engaged were the field
artillery of the 2nd New Zealand Division, 51st
Highland Divisicn, 1st Armored Divisicn, 10th
Armored Division, plus 1 regiment from the
9th Australian Division, and 2 medium regi-
ments. Fire was placed in concentrations on
known and likely enemy localities in the bar-
rage lane, and on the flanks of the barrage up
to about 2,000 yards op cach ride. The num-
ber of guns employed in the varrage were:
192 (or 1 25-pounder per 21 vards of barrage
frontage); on centrations: 158 (or ! field or
medium gun per 22 yards over the tutal 8,000
yards covered by the fire plan).

The average rate of fire was 2 rcunds per
gun per minute As before, the infant-y at-
tack was preceded by concentrations ~f{ all
available guns on hostile batteries. In 4%
hours, 15,000 rounds were fired. The total
number of guns engaged was 300 25-pounders
and 20th Corps medium art*llery.

Two nights later, the 5th Indian Infantry
Brigade was supported in its attack by 10 fieid
regiments and 2 medium regiments, totalling
270 guns.

CASUALTIES

During the first 24 hours of the battle (ie,
by 2200 hours, 24 October), 839 casualties
passed through the New Zealand division's
medical stations alor:z. These figures include
British and South African wounded (See
Table XVI1.)

By 1800 hours, 25 October, the 8th Army
had taken only 1,400 prisoners on the whole
XXX Corps front (nearly one-half Germans).
Of this total, the New Zealanders took 260
prisoners.

Casualty evacuation arrangements for the
battle, based upon an estimate of casualties
expected, had been as fcllows:

Normal Battle
Sick Casualties
D minus 3 330 20
2 minus 2 400 20
D minus 1 450 20
D Day 350 500
D oplus 1 300 2000
D plus 2 300 2000
D plus 3 et 2000
D phe a4 200 1000
D plus 5 300 1000
D plus 6 300 1000
D plus 7-9 300 5900

.
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Actual admissions to British central col-
lectis.g stations and field ambulances were:

Batlle
Sick Casualties
August 1942 10,649 449
September 10,417 1,470
October 11,141 7,634
November 8,698 3,602
December 7,196 632

By 11 November (when the pursuit to Fuka
began), the Allies had suffered 13,500 cas-
ualties: 12 percent killed, 83 percent wounded,
25 percent missing. Four hundred thirty-two
tanks had been lost to enemy action, but
most were repairable. The X Corps lost 50
percent of its tanks in the first 3 days.

At the same date, the Germans had lost
34,000 killed, wounded, and prisoners of the
Italians, 25,000. About 500 tanks had been
destroyed in battle or captured and demol-
ished.# At least 400 guns had been captured
and 600 destroyed. Many thousands of lor-
ries iittered the dunes.

An example of the losses of an Axis infantry
division is seen in the casualties suffered on
21-31 October by the 164th Light Africa Divi-
sion: 178 dead; 507 wounded; 1,896 missing;
659 sick; 3,240 total.

As noted previously, the division’s man-
power dwindled from 9,000 to 3,500 by 20 No-
vember. For example, the 125th Pangzer
Grenadier Regiment then had only 454 men
left; the 382nd Panser Grenadier Regiment,
455, the 433rd Panzer Grenadier Regiment,
1,157,

NOTES ON TH. EMPLOYMENT
OF ARMOR IN THE DESERT

It was learned early that dispersion was the
sole mean= ~f pretecting motor vehicles and
installations from enemy air activity in the
desert. Larger areas covered large spaces,
generally at least 200 yards between vehicles.

Defensive operations presented specizl prob-
lems Holding a ridge from hull-down posi-
tions, there was always the danger of artillery
concentrations against the ridge itself, with
resultant heavy casuaities. Therefore, to

=253 were lost at El Aqqacir (2 November} ‘2 X
Coryss; plus 222 guns.

. -

avoid these casualties, one tank per troop was

kept forward to observe. The remainder of
the tanks lay behind the ridge until calied
foerward intc fire position. Individual tanks
were stationed at 50-yard intervals, with 100-
150 yards between troops.

In the attack, the 23rd Armored Brigade
with 4 regiments (1 pa1 mfwatry division in
the XXX Corps) normally allotted 1 tank bat-
talion to 1 infartry battalion. In an arca
cleared of mines, tanks attacked by day on a
front of about 800 yards, and a depth of 400
yards. The same tank battalion attacked by
night on a front of 400 yards, and a similar
depth.

TasLE XVI
EIGHTH ARMY CASUALTIES, 23-26 OCTOBER
{0600 HOURS)
FORMATION OFFI- | OTHER | ,oran
CERS | RANKS
9th Australian Division 62 1, 006 1, 068
51st Highland Division 96 1, 860 1, 956
2nd New Zealand Division 62 860 9221
1st South African Division 51 542 593
4th Indian Division 2 75 7
273 4,343 4,616

'2nd New Zealand Division's figures :nclude the 9th
Armored Brigade, which was a part of the division

Note The ratio of kill:d to wounded averaged about
I in 5 The 4th Indian Division may have beer rsther
below es.ibhishment. No returns on fightirg strengths
are available

The tank and infantry baitalions, attack-
ing together, covered an 800-yard front by
moonlight and a 400-yard front by starlight.
The tank squadron and an infantry company,
attacking by moonlight, covered a 400-yard
front. The maximum depih might be as much
as 1,500 yards in any case.

PRESSURE POINTS AT EL ALAMEIN

vertain special considerations enter into the
possible use of an atomic weapoa at El Ala-
mein. Contour height at the areas of bitter-
¢si fighting was no more than 50-70 meters.
The terrain was gererally %at ~ith no cover
The woups wore m-~e-length
shorts in addition. After the 20-minute ar-
tillery barrage, a very heavy pall of smoke
cut down isibility, and hung in the air.
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Atomic bombs delivered on the XXX Con)
at 2200 hours, 23 October, would have caught
4 divisions in 22 area of 8 miles by 4 miles, at
the breakthrough point. About 30,000 men
were involved therein: the 51st Highland, 2nd
New Zealand, and parts of the 9th Australian
and 1st South African Divisions. Two hun-
dred ninety were coperating with these divi-
sions as well.

gadhiesusrds

The main attacks were made by infantry
brigades of the XXX Corps. Before the of-
fensive, the equivalent of 4 infantry and 3 ar-
mored divisions were concentrated behind a
front 8-10 miles wide. Much of the area was
unsuitable for la guerre de manoeuvre, and
congestion in the assumbly areas behind the
minefields was very great. From the initial
assembly line along the track south of El
Alamein Station, British armored columns
rumbled forward, in 2 paths 1,500 meters wide.
The 2nd New Zealand Division had moved up
from its concentration area at Alam el Onsol
to the Bir El Makh-Khad area (Maps 16, 19,
and 20).

By dawn of 24 October, the 2 armored divi-
sions of the X Corps had entered the salient
made the previous night by the main infantry
attack on a front 12 kilometers wide and @
kilometers deep. Various armored divisions
and brigades remained in this salient until the
final breakthrough occurred. The situation
was thus peculiar in that the 2nd Corp was
deployed in a rather small area, in which there
was considerable congestion. Specifically by
1000 hours on 24 October, the 1st Armored
Division was right behind the 51st High'z.:d
Divisfon and tl . 9th Australian Division. The
armored column cleared a gap for itself and
went through. These formations were then
in a wedge about 6 miles at the broadest point,
narrowing to an .apex of little more than %2
mile. With the rifle strength of the infantry
divisions still largely up to strength, a real
pressure point haa developed. For later, dur-
ing tne pertod of the widening of the initial
bridgehead in the fighting at El Alamein, the
drain on rifle companies became so heavy that
it was not uncommior for the bayonet strength
of a battalion to be reduced to no more than
150-200 men.
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The psychological effect of an atomic air
burst might therefore have greatly aggravated
the normal command problems of the dawn
breakthrough. The problem of destroying the
infantry divisions before tne armor attacked
would be weighted by the defender, against
the merit of catching bunched-up mixed for-
mations prior to decisive expiaitation.

Inasmuch as the opposing lines were 3,000
yards apart, and because the terrain was gen-
erally flat, it would be advisable that friendly
troops in ordinary uniforms in the open with-
draw about 5,000 yards from the aiming points
of an atomic weapon.

Destruction of the 164th Division and
Trento Division by atomic weapons would
have opened up a wide path for the X Corps
armor, and would have obviated operation
Supercharge.

Axis armored and artillery concentrations
were generally insufficient for quantitatively
profitable attack. But the X Corps itself may
have provided a rare case of the target of
opportunity while in its staging area to the
south of El Alamein Station. Tbe diamond-
shape deployment of the artillery made the
latter much less susceptible to mass-destruc-
tive attack.

The peculiar logiitical problem of the .e-
gion (one single-track railroad, one coastal
road, tracks through soft sand) made supply
of fuel and ammunition critical. For in-
stance, 5 days of ammunition were cached in
the lines, 4 days in operational dumps, 3 days
in railheads, 7 days in additional holdings, 60
miles away. The base depots were 120 miles
from the front. The necessity for a tremen-
dous build-up of this ammunition supply indi-
cates that if the transportation links could
have been repcatedly knocked out, and cer-
tain installations disrupted, insufficient am-
munition stores would have beer. avalilable by
1 November. Operation Super..:.ge could
not then have been initiated, nor a break-out
produced.

EFFECT OF ATOMIC VYYAPONS

Th: Jdisposition of the Fritish {..ces under
General Montgomery and the Axis forces un-
der General Rommel on 23 October 1942 are
shown in Map 17, which duplicates General

b




- Z¥6T 1240300 §2 ‘FIBUV 03 01 ‘I0}038 UOISIAI PUSIEIZ MIN PUZ $UIRQ Lwaug—61 deX
(]

103

T—— = spavs LA
oa=""""" punacha,ngy | B -~ - aqer pasasluapug 9 , 3
20 - -~~~ pednag _H / s
SN~ 7T TTINENA &) 12501 nﬁ\ ~

il poser sng

N3~ PN RNy
[ © swuN LY

T LTM IR0y YRl
OV ~~SEquEny 3 LY | >~ BOVIISaL TN
MO SYDai BN 40 SNJNA] NLE LM
W paiyrsug 9 poyxMsns OH
o ey g e g3im Wipssod LEOW
e - - == --m-<5unb j0 sagmtl GR Kpeg LY
@~~~ ~(ybr7) cuné p spandt gpm A7 0d VY
@----- Lazeyy) scnb p saqumt gy Asspeg VY
Eanhhit s Jo Loqumy gyM Qapeg G

E -k 4 L anzo3I1

Appendix B
-
[ 9
P




Analysis of Military Assistance Program

Required

YA s Atog uards
et . . .

2BS1 330300 LT PUB SZ ‘§2 ‘JUSTT ISILI 98 SUORENYS BULmoUs ‘101038 UOISIAIA PUB[EIZ MIN Pu;—07 dejy

O ETEELILE L) L)

120 LZ/9T ¥IyLLY IHTIN ¥3L3Y NOILISOd
130 G2 3(8_OWdY 6 NO11iS0d
120 h7 1H917 1S¥14 NolILlISOd

"N 3931

1 /
Y% wse
\“‘

?.::.

Y-
ss31) -
308 o0y

- 6
.
®es
vee,

éval::!::.. Y gy .\

L1 ] ?.

g )
Ne N ....s &l

oS bt <0 LA W N

\

v}"":""'*o iy,

I v o -
% 308 ONY¢ 6 L T
SN __N T
v f‘.ul X AVI AIG Z _. | I .," y\..‘slk ;
/\ ~ 3 4 %.-’.:...:’q
A\ N\ gl m\ iz S
" //.s o7\ s ¢
%, N\ i
....n.. ,/ ‘ \ i \
Y. 31193000
15813
803
000! 0 005 000!
sauvh  p— e

37v3s

104




Appendix B

Montgomery’s own map. Only approximate
information is available on the nuinber of
men in the various divisions of the 30th Corps
and 13th Corps, and from this information
Table XVII gives a reasonable estimate of the
distribution of manpower along the front just
prior to the decisive British assault.

An cstimate of the disposition of men
among the various groups of the Axis forces
is given in Table XVIII,

For the purpose of this analysis, which is to
indicate the effect of atomic weapons in this
situation, meaningful conclusions can be
drawn even though exact information is not
available on the distribution of the men. The
periinent situations will be discussed under
several assumptions as to the protection which
the men may have had and might conceiv-
ably have had if they had knowledge of the
possibilities of atomic weapons being used.

FIRST SITUATION

ASSUMPTIONS

The Axis troops were in the defensive posi-
tion indicated and expected an attack in
strength,

The Axis had 20 KT atomlr‘bombs air
burst.

The British were massing for an attack in
strength.

The British did not have preknowledge that
atomic bombs would be used.

The disposition of men on both sides was as
shown on Map 15

TasLe XVII
DISTRIBUTION OF ALLIED MANPOWER

UNIT | wo. MEN

Oth Austealian Div. ... ... .. 13, 000
Sist Div. . . ... 13, 000
204 New Zealand Div.... ... .. ...... ... 0, 300
tut South African Div. . . ... ... ... 12, 000
Ath lodian DIy, .. . . 8, 000
10t Corpm, Int nml 10th Armored Div... ... 34,000
Greek Dot e e e t, 800
S0th Div. ... 10, N7,
Arh Div 10, 000
Freo Prench . S . e 2, 500
Tth Armared Div | UL

e

TasrLe XVIII
DISPOSITION OF AX1S MANPOWER

[ wo. uen

UNIT

Tricete Motorized Inf Div................. 1, 500
00th Light (Motorizcd) InfDiv. .......... 7,300
15th PPanzer Div . .. 13, 000
Littorio Armored D| ................ .. 6, 000
Bersogliori.. ............................. I, 800
With Light Inf Div. .. ................... 8, 000
A small unit near Kidney Ridge............ 000
TrentoInf Div........................... 7, 000
Bologna Inf Div.......................... g, 000
Breseia Inf Div. .. ....................... 6, 000

218t Panzer Div in two units:
Southern Unit .. .. ..................... 13, 000
Morthern Unit .. ....... ............... 6, U600
Folgore Inf Div . .................... .... 5, 000
PaviaInf Div... ........ ... ... .. 4, 500
Kicl and 231d Pcccc Groups ........... ... 2, 500
Aricte Armored Div. . . ........... ....... 5, 500
97, 700

The Axis men were warned of the time of
the projected use of the atomic weapcns and
were in fox holes, the case upon which Figure
25 is based.

The British infantrymen massing for at-
tack were disposed essentially in the open, the
case upon which Figure 27 is based.

The personnel of the British armored ve-
hicles vsere in the open as they were massing
but not in baltle positions.

Approximately 2,00C yards separated the
opposing lines,

Under these assumptions the following
consequences of this situation are obtalned:

From the curves of immediate incapacitat-
ing casualties, with ordinary uniforms for
troops in the open, out to a radius of 3,500
yards frsm the bomb center of a 20 KT bomb
burst 600 yards above the ground there would
be about 25 percent Incapacitation. The ter-
rain was quite flat and devold of trees. Three
20 KT bombs spaced sbout 8,000 yards apart
along a linc between the coastal position of
the 9th Australian and the Ruweisat Ridge
would be expected to Incapacitate about 25
percent. of the MLy, 61st, 2nd New Zealand, 1st
Soulh Alirlean, and 4th Indlan, be, 5 pereent,
of 55,800 or 13,050 .nen, After the Battle i
Alamein, the total British casualties to 11 No-
vember were 13,000 killed, wounded, and mlss-
Ing.
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Appendix 8

Equally important is the fact that incapaci-
tatioa of 25 percent of the artillery would
very probably Lc enough to render the artil-
lery support of the attack ineffective. In this
situation General Montgomery had managed
to bring up most of the 1st and 10th Armored
Divisions of the X Corps disguised as trucks
and they were massing opposite Miteiriya
Ridge.

From Figures 25 and 27, it is estimated that
within a radius of 2,550 yards there would be
100 percent incapacitating casualties. Five 20
KT bombs would be required to cover the same
offensive position this way and would result in
the incapacitation of 55,800 men, of whom at
least 55 percent wouid be dead.

CONCLUSIONS

For the first situation, it is concluded that:

Three atomic bomb explosions appropri-
ately placed would probably have prevented
the British from executing an effective of-
fensive, principally due to the serious loss to
their artillery.

Five atomi> bomb explosions suitably placed
would incapacitate 100 percent of the 30th
Corps and the fraction of the X Corps armored
divisions employed opposite Miteiriya Ridge.

Considering some of the other British forces
in the 13th Corps to the south, it can be seen
thac more than 50 percent of the 7th Armored
Division would be incapacitated between 2,550
yards and 3,050 yards by an atomic bomb burst
over the center of the dotted area using the
point on the suitable curve giving 3,050 yards
for 50 perceat incapacitation. For the dis-
tance out to 2,550 yards from the zero pomni
of the bomb there would be 100 percent in-
capacitation.

SECOND SITUATION

ASSUMPIIONS

The same assumptions are made as w the
first situation with the exception thaf the
British troops are equipped with special uni-
forms, iv which both Figures 25 and 27 refer,
and this implies that they have cognizance of
atomic weapons and theh possibilities tac-
tically. .

Under the assumptions of this situation it is
seen from the curves for immediate incapaci-
tatir.g casualties, specisi uniforms, that within

.
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a radius of 1,400 A€ from the zero point of
an atomic burst more than 25 percent inca-
pacitating casualties may be expected.
Twelve atomic bombs spaced 1,000 yards apart
would be sufficient to incapacitate more than
50 percent of the British forces from the 6th
Australian. 51st Highland, 2nd New Zealand,
1st South African, and #ti Inuran B.visions as
situated. Ten 20-KT atomic bombs spaced
1,200 yards apart along the savae line would
result in more than 25 percent casualties, and
would probably be sufficient to render the ar-
tillery ineffective.
CONCLUSIONS

Ten atomic bombs would probably be ruf-
ficient to prevent the offensive.

Twelve alomic bomhs would be sufficient to
incapacitate more than 5v percent of the men
massed for attack.

THIRD SITUATION

After the British attacking troops had made
the first penetration at the Miteiriya Ridge
section, they had penetrated into a German
position which is shown in Map 19. The de-
velopment of the position of the 2nd New Zea-
land Division in these earlier days of the at-
tack from 23 October to 27 October is shown
in Map 20. This situ ation will be considerec.

ASSUMPTIONS

The Axis had available air burst 20 KT
bombs.

The British did not have knowledge of
atomic weapons.

The British troops were in the open and in
ordinary uniforms.

It is seen from Maps 19 and 20 that the sali-
ent at which the British planned to break
through is about 3,000 yards wide at the Axis
position of the line of antitank mines and
mounted guns situated about 2,000 yards in
frsat of Miteiriya Ridge. The Kidre is the
line of contour of Map 19, at 30 iceizrs above
sea level. Early on 2-3 October at 2200 hours
there were about 30,000 troops directly behind
this salient in an area of 8 by % niles, and this
concentretion would »: a gooa target for
atomic weapons, for two atomic baists of 20
KT in depth with a separation of 3 miles would
incapacitate 100 percent of the trcops out to
a radius of 550 yards from each hHursy and
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would incapacitate more than 50 percent of
the troops between 2,550 and 3,050 yards.
This means tha. of the 20,000 total troops an
estimated 23.000 in this congested area would
be incapacitated, and of the remaining 7,000
more than one-half incapacitated.

The next morning the 1st Armaiec Division
of the X Corps was in {liis same area and tak-
ing its strength of 17,000 men or one-half the
X Corps, there was a possibility of incapacitat-
ing the same estimated fraction, 88 percent of
‘he_. or 15,000 more troops.

However, in order to counter an offensive
concentration of this kind with atomic weap-
ons, great care would have to be exercised
since from the curves o: deaths and casualties
(Figures 25 and 27), it is note¢ that for
friendly troops in the open in special uniform
the maximum tolerance effect is 1t 1,900 yards
from the zero point of the bomb, at 2,600 yards
for friendly troops in fox holes in ordinary
uniforms, and at 1,650 yards for friendly troops
in special uniform in fox holes. So it is con-
cluded that in most cases about 2,000 yards
must be left between friendly troops and the
zero of the bomb burst.

CONCLUSIONS

There was an instance of concentration at
the breakthrough point ir: which the employ-
ment of a 20 KT atomic bomb placed suitably
would have broken the strength of the attack.

The proximity of friendly troops in battle
contact with the enemy would have made the
decisicn to use atomic weapons very difficult,
especially in view of the inaccuracies of what-
ever method of delivery was chosen.

FOULTH SITUATION

ASSUMPTIONS

The PBritish forces had air burst atomic
bombs.

The Axis forces did not bave knowledge that
atomic weapons would be uscd.

The Axis forces were in the actual defensive
position shewn in May 17, which, in view of the
flat terrain an 1 iack of trees, means that they
were essentially in the oprn with respect tn
an air burst atomic bomb.

CONCLUSIONS
In this assumed situation it can be seen that
using 2,550 yards for .he radius of 100 per-
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cent incapacitation the employment of one
20 KT atomic bomb above Miteiriya Ridge at
the center of the planned attack salient would
have cleared a path §,100 yards wide at the
ridge and probably been sufficient to effect the
breakthrough immediately thereafter since
the defense was not in great depth, and the
artillery personnel would hav. seen hore than
25 percent incapacitated out to a radius of
3,500 yards from the zero point.

To consolidate such a breakthrough it would
probably be desirable to employ atomic weap-
ons against the 15th and 12th Panzer Divi-
sions assuming that thcy were deployed within
the regions shown in Map 17. One 20 KT
atomic bomb suitably placed over the 21st
Panzer Division would incapacitate practically
the entire division immediately and an esti-
mated 75 percent of the i5th Panzer Divi-
sion. This would mean about 23,000 of the
armored personnel and would probably lead
to rapid consolidation of the breakthrough
with subsequent encirclement of the remain-
ing Axis forces.
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THE 8T. LG BREAKTHROUGH

INTRODUCTION

On 25 July 1944 the US First LArmy broke
out of the hedge-row areas of Normendy, at
the base of the Cotentin Peninsuly, whare
progress had been so laboriously slow untsl
then. The bregkthrough was performed by
the VII Corps, under the command of Lt Gen
J. Lawton Collins. the scene being & S-mile
stretch of the St. Lo-Periers Highway just
outside of town on the northwest side of St.
Lo. Aside from the critics! turn in historcal
events which it signalled, thus breakihrough
action was characterized principally by the
conceriration of US forces that were massed
for the assaultl, and by the bombing attack
which creceded their advance In this carpet
bombing operation the enemy iroops weie
showered with what wae perhaps thie greatest
concentration of bombs ever used in the his-
tory of tctical warfare.

As a tesy situation for expioring the {actical
possibilities of atemic bombs, the 8t. Lo break-
through afiorded two conjectural oppartan:-
ties for advaniageous use ¢f that weapen: an
opporiunity for the Germans te have used it
againdt our massed forces; and an epporivnity
for us f6 have used 1 or more atomic dombs in-
stead of the 5,006 tons of conventional tembs
which actually were used in the ca.pet bamb-
irg. It was therefore selected as the subiect
of a scientfie study, the extond ana detadl of
which would aepend upen the completeness in
which esseritial facts were found ‘n the recerd

As the study progressed it became apparent
that th-~- exists too little detailed informma-
tion akout exact locations and strengths of
military units on either side tc supgort the
eiaborate analysis which wculd be necessary
to make refined predictions of dsmsge which
would have been susteined from atoniic-bomt
attack. It has therefcre been necessary to
base estimates upon figures representing av-
erage concentratiors of men and materie!
withint hypothetical tomb damage areas. In-
stend of being a basis for detailed analvsis of

expected damags frem atemne sttack upon
ground forces, the 81 Lo = tion has provided
means for semi-guantitative estimaies of dam-
age and for logieal, specific regsoning about
types of military eircumstances which will re-
quire nture commanders 4 male difficult se-
lections from their bags o1 weapong, including
abtomic varieties.

In estimating what would have happened if
one side or the cther had used afomic Lombs,
all problems involved in delivering that
weapon singly, or Lz vwo ui more coordinated
drops have intentionally been by-passed.
Deliverability consideraticns are so nuwnerous
ang so complicated that they are consiaered
to be outside the scope of the present study.
Estimates of effects are therefore basec. upon
the assumption that the stated numbars of
bombs have in some manner been <delivered
u~on the selected points.

This by-passing of deliverability problems
is difficult to mawmntain, however, when the
safety-withdrawal of friendly trcops s being
examined. The d. stance to which they n.ust
withdraw is unavoidably dependent upon
bombing accuracy, and this depends upon the
method o delivery which 18 tc be used. De-
livery by guided missie is another means
which should be considered. Since accu-
racies to be expected ure still unpraven, it
weuld be unprofitable to base withdrawal pro-
cedures upon this means for delivery. The
best recourse i3 to use a nominal accuracy fg-
ure frem strategic bumb'ng experience and
study. shaded a bit toward the low-errar side
to allow for the difference hetwesn strategic
aud tactical accuracies. As a round figuse, a
CPE {circular probable error) .. ..000 yards
Is reassi:able.

A desirable withdrawal procedure weuld ap-
pear to rest upon the followlay criteria:

1. Withdrawai [ositions te Le prepared,
comsvrioing fox holes oy betler pr-tection for
friendly troops.

2. Friendly troops to be warned of the im-
pending "ise of each atomic bomb, with & time
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‘ohe minute Jatobable
g he avail-
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accuracy in the order
error, in order that th
able cover.

3. Minimum withdrawal distance for nearly
zero probability of permanent injury to
friendly personnel. The hazard which fixes
the minimum withdrawal distance is Gaiuma
radiation. The counterbalancing hazard
which affects the maximum withdrawal dis-
tance is the time required to attack after
atomic bombing preparation. Casualties in
attack become much greater if toe much time
is allowed to pass between bombing and
attack.?

4. It appears that a minimum distance of
1,600 yards from the projected center will be
typical for air burst of a 20 KT bomb, the ran-
domness of bombing requiring withdrawal
beyond that distance by an amount which will
depend upon the risk which each commander
chooses to accept in return for greater safety
in subsequent attack.

WHAT DiD HAPPEN?

‘The breakthrough was performed by the
US First Army, VII Corps, which had concen-
trated its 9th, 4th, and 30th Inf Div back of a
S-mile front extending from the Vire River
westward along the St. Lo-Periers Highway.
The 119ch Inf Regt rested its left flank on the
Vire Eiver. Next in order were the 120th, the
39th, 47th, and 60th Inf Regt. Their forma-
tions extended back of the line for a distance
ranging from 2 iv 2% miles. Thus, there
were concentraied in a total area of 10 to 12
square miles s¢cme 28,000 troops. incindu.g
both combat ar . service personnel and equip-
ment. A list of typical equipment for 5 in-
fantry regiments taken from ¥M 101-10 ap-
pears in Table XIX whe.e average concentra-
tions ¢{ ;- and various classes of equipment
are given also.

The 5 leading infantry regiments were sup-
ported by the remaining forces associated
with (ieir divisions, backing them up 85
closely as space would permit. Thus, in & sec-
ond zone, immediately ba.k of that occupicd
by the leading 5 irfantry regiments, there
were also concentirated appreximately 28,000

“ See Bibliography €.
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Tasie NIX
MEN AND EQUIPMENT FOR FIVE INFANTRY
REGIMENTS PER FM 101-10

i ]:.vrmm: COA-

MEN AND EQUIPMEAY TOTALS FOR | CENTRATION
3 INF REGTS | PER SQUARE
| ! MILs

Men 2R 256 2, 600
Tanks 216 20
Guns and Meartars 29,374 2, 700
Rocket Lautnchers 846 77
Trucks, Tractors and Ar-

mored Cars. 3, 621 330
Ammunition tong 11,763 160
Elcctrical Equipment

Switchboards 84 8

Radio Sets 840 76

Meteorological Observa-

tion Sets . 1

Telephones . 200 18

Power Units . 117 11

Detector Sets 16 15
Froating Bridges 27 2

! Figure may be doubled when wmts are deployed for
combat

troops and their equipinent, as listed in Table
XX

With respect to artillery, the General
Board reported ** “On the division level there
was what might be called a normal organiza-
tion for combat for the division concernec.”
In addition, 7 more 105mn1 howitzer batital-
ions were attached to the VII Corps, the 9th
Inf and the 2nd and 3rd Armored Div petting
2 each, while the remaining 1 went to the 30th
Inf.

Summarizing, the same report states: “In
VII Corps, the penetrating force, there was an
average of 5.67 light, 2.67 medium and 3
heavy battalions in position firing per division
committed.” The greaiest weight of artillery
was behind the 9th Div, where there were (not
including the Corps general support battal-
1ons) 3.3 light and 1.0 medium battalions per
intantry regiment.

“At the point of break-through by VII Corps
the assault front was 6,000 yd which gave a
density of 1 artiliery piece, firing, per 14 yd of
front”

It seemus from the Geners! Board 1eport that
the decision to use such heavy bombing prep-

™ See Bibl.ography 4
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ara?ion resulted in part from a shortage of
available artillery ammunition. The artillery

did parwucipate it the preparatory bombard--

ment to considerable extent, the flanking VII
and XIX Corps cooperating with the VII Corps
artillery in this effort.

It has been impossible to detsrmizne exactly
how much artillery fire was added to the bomb
tonnage dropped in the 2,500 by 6,000 yard
target area during the period prior to the in-
fantry attack. It is recorded that 3,072 tons
of artillery projectiles were fired by the First
Army during the 3 days commencing 25 July,
the bieakthrough day. Based also on partial
figures for Corps artillery fire, it appears that
approximately two-thirds of that total, or
2,000 tons was fired during the preparation.

THE GERMAN FORCES

A G-2 estimate of enemy strength facing
the VII Corps on 17 July 1944 prc-ided a fig-
ure of 8,000 men, with 3540 tanks. Subse-
quently, ir Sepilember 1945, discussions with
Gen Fritz Bayerlein (CG, Pz Lehr Div) indi-
cated that the actual number was close to
5,000 men when the US attack commenced on
25 July.

“Having failed to note the build-up of troops
west of the Vire River, and with no premoni-

TasLe XX
MEN AND EQUIPMENT FOR 2 ARMORED DIVI-
SIONS AND 1 INFANTRY DIVISION PER FM
10'-10

| TOTALS FOR | APPROXIMATE
2 ARMORED !AVERAGE CGON-

MEN AND EQUIPMENT 4 anD ; CENTRATION
i INFALTRY ! b ogUAKE
] DIVISION | MILE
Men 50, 750 3, 000
Tanks 890 52
Guns and Mortars 54, 305 3, 200
Rocket La aneters 1, 946 115
Trucks, Tractors and Ar-
mored Cai3 19, 668 1, 200
Ammunition tons 4, 389 260
Electrical Cquipment.
Switchl vards . 168 10
Radic Sets 1. obu 100
Metcorological  Observa~
tion Sets 3
Telephones 339 23
Power Units 234 14
Detector Sets 33 2
1 0ating Bridges 54 3

-

had taken no unusual precautions in the Ma-
rigny-St. Gilles area.”

Enemy works consisted ‘“chiefly of road
blocks, trenches, various temporary fleld ar-
tillery, machine gun and antiaircraft installa-
tions—supply dumps and vehicte bays.”

Tables XXI and XXIJ sumi-arize *he best
available information about the strength of
the Panzer Lehr Civision, which comprised the
entire German force directly opposing the VII
Corps breakthrough.*¢

THE ACTION AS IT OCCURRED

Phase one of the breakthrough action was ‘o
start with “intense aerial bombardment by
fighter bombers, medium, and heavy bombers,
of an area approximately 2,500 yards deep and
6,000 yards wide. Also the area was to be
subjected tc heavy artillery fire.” In carry-
ing out thic carpet bombing attack the 8th
Tactical Air Command deposited 5,000 tons of
bombs in that area, namely a spauce of 5 square
miles. In addition to this, approximately
2,000 tons of shells were confributed by artil-
lery bombardment. The average explosives
concentration was therefore roughly 1,400-
1,500 tons per square mile, or 1 pound per
square yard.

Details of the bombing schedule are worth
repetition.?” “Bombardnient of the selected
target area prior to the attack was to be in
accordance with the following plan:

“(1) Twenty minutes of bombardment by
350 fighter-bombers on a narrow strip along
the Periers-St. Lo Road.

“(2) One hour of bombardment by approxi-
mately 1,500 heavy bombers on an area 2,500
yards deep and 6,000 yards wide on the front
of the VII Corps.

“(3) Twenty minutes of bombardment,
commencing at H Hour, by 350 fighter-bomi>-
ers on the original narrow strip.

“{4) Borubardment from H plus 30 to H
phis 75 minutes by 396 medium bombers on
thie southern half of the main bombing area.

“(5) Bombardmer* of br.dges along the
Vire an Zienne Rivers and their tribrtaries.”

* See Bibliography 3.

¥ See Bibliography 7.

% See Biblico~ohy 1.
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TasLe XXI
ESTIMATED STRENGTH AND CASUALTIES OF PANZER LEHR DIVISION!
(24 to 25 July 1944)

I i STRENGTH LOSSES
UNIT FULL STRENGTE 24 JULY 24-25 sULY
Men | Armor Men | Armor Men | Armor

Panzer Regt 800 183 (x) 300 32 (x) 150 25 (x)
901 Pz Gr Regt 1. 500 205 (a) 250 120 (a) 200 (5}
902 Pz Gr Regt 1, 800 205 (a) 300 130 (a) 30 )
Artillery 1, 200 42 (b) 800 23 (b 200 12 ()
TD Bn. 220 31 (c) 120 12 (c) 70 10 (¢)
TD Ren Bn 500 88 (d) 100 650 (d) (e)
Engr Bn 450 120 (6]
A Bn 350 12 (b) 220 8 (b) 80 5 (b)
14 Para Regt . 500 350
Ct Heuntz . . 450 . 400
Bn, 985 Inf . . 600 .. 400
2lcm Mortar Bn . 130 _1® 50 .

Totals 7,120 766 3, 890 389 2, 150 52

(x) Tanks (d) Armored velicles

(a) Self-propelled weapons (e} The Entire Ren Bn was near Percy for reorganization

(b) Guns {fy On 24 July division reserve ncar Carantilly

(¢) Tank destroyers (y) No estimate

Note. Gen. Fritz Bayerlein, CG of Panzer Lehr Divisior, made these estimates in September 1945. He explains that
all figures should be prefaced with the qualification ‘‘about”, but that he was particulariy well-informed about the strength
of his units for a number of reasons: He had to sign and adjust daily strength reports after personal investigation, he
remembered these figures better hecause he always used them as & bais for pleading for reinforcements; and as recently as
May 1945 he used a notebook containing the exact daily personnel strength figures. See Gen Bayerlein’s memorandum
this subject, 9 October 1945

t See Bibliography 3.

TasLe XXII
VI CORPS G-2 ESTIMATE OF TOTAL ENEMY TROOQPS, 20 JULY 1944, COMPARED WITH GEN. FRITZ
BAYERLEIN'S CORRECTIONS FOURTEEN MONTHS AFTNRWARDS

N}
VIl CORPS G-2 ESTIMATE €G. Pz LEHR CG. PZ LEBR DIV COMMENTS

DIV ¥3TIMATE

5 Para Division:

Co, 12 Ren Bn 150 Were actually under 2 88 P: Division

13 Para Regt. . 1, 500

1 Br, 14 Para Rest 500 500

2 Br, 14 Para Rogt 500 5C)

11 Para Ren Bn 3” 10 July removed to 11 Para Corps
Panzer 1.ehr Divisio

130 Engr Bn 300 120 Three Bns. not one

130 Arty Bn 200 3060

4 Co. 130 Pz Ren 100 100 Should be 3 and + Companles

901 Pz Gren Regt 706 300%

902 Pz T . gt 700 350*
2 S8 Pz Div:

SS Engr Bn 100 On 20 Jul refoined 2 88 P2z Uivision

3 Bn SS Deutschland 200
3 Para Division:

1 Co, & Para Regt 200 Not in front lines ¢f Pz Lehr Divisjon
265 Inf Division.

2 Bn, 894 Regt. 300 %

Total 6, €50

. e T g —_— e ———

Nole By CU, Punzor I4lir Division  Additiona) troops in this sector on the east flank, were Combat ‘Ceem Hoing (275
In® Div), consisting of alout 500 men, and ar Army Engincer School, cousisting of about 100 men
* About.

** Not krown.
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As & result of this bombing and artillery fire
the German fo.ces suffered approximately
1,000 casualties, or 20 percent, an estimate
based on recollections of Gen Fritz Bayerlein.
The reliability of this figure is subject to con-
siderable question, the error probably being
on the high side.

The US 4th, 9th, and 30th Inf Regt sus-
tained 1,003 casualties 2% on the breakthrough
day. If we assume thal there were 4,000-
£,00C gefenders at the beginning of the in-
fantry advance, these casualfies represent an
average of 0.25-0.2 casualties per defender.

Interpreted in terms of the analysis of ref-
erence ¥ (OEG 385), this casualfy level would
have been predicted after bombardment by
2.3 1b per yd ¢ equivalent 5-inch AAC (anti-
aircraft common) shell, totalling 2,300 tons,
as compared with 5,000 tons of bombs and
2,000 tons of mixed artillery shells which were
actually used. This fact suggests that bomb-
ing may create a neufralizing effect per ton
which is iower than that of artillery bombard-
ment, and by a factor which may be in the
order of 3.

To qudte further from the Report of Opera-
tious, 1st US Army *° “On 25 Yuly the weather
was clear and iire operation was ordered. The
front linc troops withdrew 1,200 yards to the
north of the forward edge of the target area
and at 0940 hours, fighter-bombers com-
menced striking the initial 300-yard strip
along the Periers-St. Lo Road. Immediately
following the fighter-bombers th~ heavy and
medium bombers attacked the breakthroug®
area as schedv :d. Ai 1i(G0 heurs the in-
fant.y moved forward.

“Tne enemy gave ground in front of the
4th and 9th Divisions after his light and
mediun a; wuery had been silenced. Prison-
ers of war stated that our rarpet bombing was
devastating. The enemy troops who were not
casuallios were stunned w4 dezed. Weapons
not destroyed had to be dug out of the dirt and
craters, and cleaned before they could be used.
Communications were almast completely scv-
ered. Other units, apparently iess affected
by the bombardinent!, offered moderate to

*wee Bibllography 2.

* See Bibliography ¢,

* 8ee Biblicgraphy 7

o
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stubborn resistance, employing automatic
weapons which were found to be well em-
placed.

“Resistance decreased after the forward
enemy positions had been taken, and the lire
by the end of the day had moved forward
almost 2 miles. The onemy’: posi‘ion was
definitely broken.”

What would have happened if the Germans
had unexpectediy dropped atomic bombs upon
US forces?

Conditions were particularly favorable to
use of atomic bombs for defense by the Ger-
mans, not only because of the high concen-
tration of opposing US forces, but also becaus~
tnere was a strong predictahle south wind to
carry fission products away from the Ger-
mans and deep into territory occupied by US
forces. The military damage created by such
fission products from an air burst might ac-
tually have been negligible; but the south
wind would at least have lent considerable
psychological stimulus to use of the bomb by
the Germans.

The Germans would no doubt have con-
sidered the use of a subsurface burst in the
coil beneath the Vire River, as a means of
utilizing the favorabll wind to best advantage
It would have carried radicactive water and
soil deep into US territory. However, since in-
sufficient data are as yet available for analy-
sis of damage which might have been done
by a srbsurface burst, that problem will have
to be the subject for a future study. Conse-
quently the following estimates are based
solety upon the effects of 2 K'T bombs dropped
for air burst at an altitude of 1,800 feet.

Six US divisions, pius seven actsched ar-
tillery battalions, were concentrated as closely
as possible behind a fiont only 8,000 yars
wide, in contrast to typical SCP deployment
of 1 division along a front of £,¥ ) yards.
Three infantry divisions held the leading po-
sitions, while 1 infantry and 2 armored 4i-
vislons were bivouaced immediately behind
them, In view of 12 . »xtreme oraventration
throug liout the lirnited w al ares, :t is as-
sumed tha! the distribution of forces was
fairly uniform. No part of the space would
have been a'lowed to remain more thinly ac-
cupied than necessary. Exact locations of

1]5
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the smaller units (individual ons, et
cetera) were not found in the record, t
has thus been nccessary to use average nums.,

bers of men and equipment per square mile
as the basis for judging nrobable damage.

Quantitative estimates of damage have also
been restricted to personnel, since insufficient
data about atomir bumb damage to military
equipment are available for a realistic attempt
to evaluate those losses.

On Map 21 circles have been drawn of 1-mile
and 2-mile radii indicatir.g the coverage which
would have been achieved by 20 KT atomic
bombs detonated at arn altitude of 1,800 feet.

" the front-line divisions.

Anciysis of Mili‘ary Assistance Frogram

The areas of major damsage, i.e., within 2 1-
mile radius circles, totals 8 sauare miles out
of the 10-12 square mile territory occupied by
Thus, 15,000 to 18,-
000 men and their equipment would have been
within that intensely damaged area. Ninety
te one hundred percent of those directly ex-
posed to the flash, namely 13,000 to 16,000
men, would have been killed immediately if
there had been no protection whatsoever.
Since the US forces were not dug in to great
extent, and since protection from flash af-
forded by trees would largely have been offset
by damage from flying branches, it seems

i \
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probable that immediate deaths would actu-
ally have been of that order ¢! numbers.

All the rest of tne are2 occuried by the lead-
ing 3 US divisions lies within the 2-mile radius
circles, wherein many casvalties wou'd have
occurred from burns and a major psychologi-
cal effect would have been created, particu-
lariy during a time eariy in the history of
atomic attack.

In view of the critical importance of skilled
personnel and of relatively vulnerable com-
munication and automatic fire control equip-
ment in effective US artillery fire, it is as-
sumed that damage to artillery units repre-
sented by 25 percent immediate casualties
would stop their fire for a long time. On this
basis it appears that all of the artillery instal-
lations within the 2-mile radius circles,
namely, nearly all those of the 9th, 4th, and
30th Div, would have been put out of com-
mission by 2 atomic bombs for a period long
enough for relatively weak German forces to
have occupied 3! the bombed territory except
for the US reserve divisions.

These divisions, the 1st, 2nd, and 3rd, would
have been but little injured. They would have
remained opcrational, and capable of strong
action against enemy movement across the
bombed area. Two more atomic bombs,
however, would have immobilized those di-
vision, also, principally because of damage
to personnel.

What would have happened if the US had
unexpectedly dropped atomic bombs upon the
Germans?

Had atomic bombs then been availahle th<
US might have u:_d that weapon instead of
the concentration of conventional bombs
which preceded their infantry attack.

Damage comparisons show that two atomic
bombs wowld nave done several times as much
damage to German personnel as they sus-
tained from the conventional bombing, heavy
as it was. A computation of casualties was
perforrred upon the basis of persoinel dam-
age est.mates which are presented elsewhere

* Considerations affecting the promptness with
which atomic-bombed 2reas can Dbe enterad, and
precautions which must be exercised, are described
in the next section of this Enclosure, Contaminatior.
a1t Decontamination o} A.:.. uc Bumbed Areas.

-

the gecmetry of 2 20 KT atomic bombs with
optimum placing on the 2,500 by 6,000 yard
target area, give the following casualty fig-
ures for a 5,000-man force evenlr distributed:

Men in Ordinary Uniforms, Fully Ezposed:

Immediate deaths .o . . 4,650
Incapacitated after %2 hr . . . . 350
Ramaining effectives . . . . . 0
Men in Ordinary Uniforms, in Fox Holes:
Immediatedeaths . . . . . . . 860
Incapacitated after %2 hr . 2,900
Remaining cffectives . 1,540

Depending upon the extent to which the Ger-
mans were under cover, their actual casual-
ties would have been less than the first set of
figures and greater than tue second.

These figures should be compared with &
figure of approximately 1,000 total casualties
which the Germans suffered from the actual
bombing. The number of deaths was not
separately recorded. They thus had about
4,000 cfrectives ready to oppose the US in-
fantry, who suffered 1,003 casualties in the
leading three divisions. US casualties should
have been negligible had atomic bombs been
used.

CONCLY SIONS

The following conclusions omit all consider-
ation of deliverability problems associated
with tactical atomic bombing, wkich prob-
lems are outside the scope of the present study.
It is assumed that by some means not de-
scribed, the bombs could have been delivered
upen the stated points.

1. With 2 correctly placed atomic bombs
the Germans could have substantially de-
stroyed the 3 US infantty divisions which
spearheaded the US attack. They could prob-
ably not have occupied all of the bombed area
with their relatively weak forces, however, un-
less they had also disposed of the 3 £ °4 tjonal
divisions which the US held in immediate re-
serve

2. Two more atomic bombs could have de-
ztroyed the effectivencss of the 3 ~~zerve di-
visions beluad the US front.

3. Two atomic bombs coriectly piaced by
US troops would have gained substantially the
same objectiv:'« which were actually geined by

w7
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using approximately 5,000 fons of convention-
al bombs plus 2,000 tons of mixed artillery

shells.

4. German casualties from 2 atomic bombs
would have been at least 3 times what they
actually were. US casualties caused by the
Germans during the iritiei US infantry ad-
vance would have been reduced nearly to zero
by utomic preparation, whereas those casual-
ties actually totalled 1,003.

CONTAMINATION AND DECONTAMINA-
TION OF ATOMIC BOMBED AREAS

The following information has been ex-
tracted from Radioactive Contamination by
Edward S. Gilfillan, Jr. (ORO Technical Mem-
orandum 14).

AIRBORNE CONTAMINATION

“Some radioactivity from every military atomlc
explosion will be carried off by the winds to con-
taminate other areas. The amount will vary from
less than 1 percent from deeply buried or submerged
explosions to more thar 99 percent from bursts at
altitudes exceeding 500 feet. Some of this will be
so thoroughly mixed with the bulk of the atmosphere
as to contribute only to world-wide contamination,
and some will be deposited to contaminate well de-
fined local areas, determined by weather conditions
at the time of the explosion. For dctails, the reader
is referred to the chapter on meteorclogy. A can-
yon 20 miles from the site of the Alamogordo test
was contaminated to a radiation leve! of 40 roentgens
per hour at the end of the first hour, and rain
squalls brought down suffiiclent radloactivity from
the Sandstone test to bring the radiation level to
S0 roentgens per hour on islands hundreds of miles
from Eniwetok. Such airborne contamination will
be at worst an incenivenience; it will never e snough
to deny pa-suge through on ares, or to suggest
suspension uf operations in the area for more than
a few days.

SURFACE CONTAMINATION
F2e AN AIR BURST

“Local surface contariination by fission products
from atr bursts at altitudes exceeding 500 feet is ex-
pected to be negligible compared with the radlo-
activity induced In surface materials by neutrons
escuping from the bomb. At Biking, tae indueed
petivity from the alr burst at an altitude of 600
fcet was approximately 20 roentgens nper heur at
the end of the first hour. This activity was largely
due to sodium in the waier and would have been
much less If the explosion had ocenrred over aver-
age soil. At Nagasakl where the altitude was 1,800
fect It was comyic!ely ncgligible within a minute
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after the explosion. In this case only 0.025 percent
of the fission fragments were left on the ground.

“Local contamination by flssion products from
bursts at altitudes lcss than 500 feet may be suf-
ficlent (o affect ground operations, but not the use
of harbors. The approximete radlatior level in
roentgens per hour on the ground at Alamogordo
one hour after the explosion is given in Table XXIII.

“Assuming that the radiaiion level at any point
varies inversely as the time, it can be shown by
graphlcal integration of the figures in Table XXIII
that a man willing to accept 30 roentgens would have
to wait 15 minutes before crossing the area in a
vehicle at 40 miles per hour. It would be six hours
before he could walk directly across the contami-
nated area with the same exposure.

“How much the area would be contaminated by a
burst on the surface of the ground is un!'nown. It
seems probable that the radiation level within the
crater would be very high, and outside the lip of
the crater about the same as at Alamogordo. Sur-
face material would be bull-dozed into the crater
and the whole area covered at the new surface to
tolerable levels. Restoration of communlcations
disturbed by a surface burst would not be greatly
hampered by radlation.

REOCCUPYING ATOMIC BOMBED AREAS

“Occupation forces entering an atomic bombed
area, whether associated with the sender or recuiver
of the bomb, will be led a few hours after the at-
tack by personnel equipped with radiological survey
instruments for mapping the boundaries of those
areas which shruld not be entered until later.
Thereafter, or e en before this if every r.an has
been issued a fountain pen size electroscope, all
services can proceed with their duties insofar as
combat conditions will permit. However, it will be
necessary to establish systematic procedures for fre-
quent replacements of their personnel, the safe time
for continuous occupation of a given place by each
man depending upon the intensity of radiation
there. Replacement schedules should be based upon
the findings of quantitative measuring instruments.

CONTAMINATION OF WATER
AND FOOD SUPPLILS

“Although the calculation is dificult and uncer-
tain, it appears probable that even a direct hit by
one atomic bomb on the reservolr supplyin a large
city will not render the water ir it to drink for
more than one day. Dilution and absorption on
the mud and filters combine to reduce dissolved
radioactivity below harmful levels. If the explosion
1s on the watershed rather than in the reservolr it
may be consldcr -d sertain thud e water will be
anfe

Military units relying upon standard water
treating equipment should have no serious
problem from radioactivity in drinkisig water.

o
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Tauce XXIII
RADIATION LEVEL ON THE GROUND AT ALA-
MOCORDO ONE HHOUIL AFTER THE EXPLOSION

DISTANCE ¥ROM ZERO-pOINT yp | RAPIATION, ROENT-
) GENS PER HOUR

.002 roentgen per hour or less, as measured
with an ionization chamber over a large body
of water, can be drunk without hesitation,”
and the writer (Gilfillan) “would drink water
showing .02 roentgen per hour rather than
suffer from thirst.”

However, a hazard develops from the grad-
ual accumulation of radio-active iodine from
decay of tellurium 131, one of the origina! fis-
sion products. By the twelfth day dangerous
quantities may have been created and the ex-
ternal radiation from the water will have de-
creased so much that the ionization chamber
test will no longer guarantee potability of the
water, since it does not disclose the presence
of radioactive {odine. This fodine itself will
have decayed by 30 days to such an extent as
to be no longer the principal menace, and the
controlling factor will have to become the
radiostrontium in the water.

It seems evident that military inits operat-
ing .n areas subject to hazard from under-
water or underground atomic bursts will have
to be equipped with scientific apparatus and
suitably trained personncl to guarantee the

ing avallable, however, it appears that the
drinking water supply should not be a serious
military problem, insofar as radlioactive con-
tamination is conczerned.
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Appendix B

Specific Rest.

Use Military

ATUMIC WEAPONS EFFECT ANALYSIS
ON THE GERMAN ARMY AT THE VOLKHOV FRONT

THE RUSSIAN OFFENSIVE ON THE VOLKHOV FRONT
12 JANUARY-31 MARCH 1943

OBJECTIVE

The objective was to raise the siege of Len-
ingrad by clearing the German forces from
their heavily fortified salient south of Lake
Ladoga between the Neva and the Volkhov
Rivers (see Map 22) and by gaining control
of the Leningrad-Mga-Markowo-Volkhov Stroy
railroad and highway, the main communica-
tion lines between Leningrad and unoccupied
Scviet territory (see Map 23).

PLAN

Two Soviet armies, the 8th and the 2nd
Shock, were to attack from the Volkhov Front
on the east while a third, the 67th Army, was
to sttack across the Neva River from the Len-
:ngrad front on the west (Table XXIV).

The listing in Table XXIV of the Soviet
units may be considered accurate since it is
based on battle experience (German after-ac-
tion reports) rather than on pre-battle intelli-

gence. (See Map 23 for complete list with
unit designations.)

However, it must be assumed that thesc
Soviet units entered bhattle far below author-
ized strength. The Germon XXVIth Corps’
reports reveal that the Soviets employed 130,
000 men between 12 January and 12 Febru-
ary. If this number is divided by the number
of divisions (24), for purposes of illustration,
each division would have had a strength of
5,416 or slightly more than half of authorized
strength of 9,354. If the 24 divisions alone
had been at authorized strength, the total
number of men in line and in reserve would
have been at least 224,496. These figures do
not take into account the additional infantry
units and the armored units which took part
in the attack. Furthermore, it is known that
the Soviets had sustained heavy losses in this
sector during the winter campaign of 1941-

Tasre XXIV
SOVIET STRENGTH 12 JANUARY 1943 {(SEE MAPS 22 AND 23)

VoLgaoy FRoONT

8th and £nd Skock Armies

In Line In Reserve
9 divisions 9 divisions
2 brigades 3 ski origades

3 mortar regts

5 tank-destroyer regts
2 armored brigades

2 armored regts

8 srmored battahons

3 armored brigades
3 howitzer regts 1 armored battali~n

Artillery

36 light batterics

12 wmedium battenes

20 heavy batteries or a total of 98
batteries

Ngva Front

87tk Armv Arieiiery
4 divisions (inf) 1 division 16 iight batteni
1 garde division 4 inf{ brigades 28 medium batteries
2 armored brigades 1 Navy infantry brigade 5 heavy batteries or a total of 49
1 ski brigade batteries
2 battanons

1 armored brigade
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1942 when they made a pre
reiieve Lenitgzrad from the Volkhov Front.
At that time the original 2nd Shock Army,
bearing the brunt of the attack, had been
virtually liquidated by the Germans and was
reconstituted as an army only aiter the Janu-
ary 1943 oftensive began.

The artillery figures in Table XXIV were
extracted from the German Artillery Officer’s
Report prepared on 11 January 1943 and based
on intelligence available through 8 January.
It is possible that the Soviets brought up ad-
ditional artillery in the three and a half days
before the attack began. Soviet sources indi-
cate that the Soviets made long, careful prep-
aration for artillery employment in this at-
tack and scught to confuse and deceive the
Germans as to their artillery strength and the
location of their guns. This is borne out by
German intelligence.

The German report mentioned previously
does not give the number of guns and men
per battery nor the exact location of the bat-
teries. The Soviet report indicates that artil-
lery was used in direct support of the infantry
throughout the operation, being reorganized
each night in preparation for the next day’s

activitieg

The terrain was flat, swampy, frozen, and
partly forested. The area south of Lake La-
doga was (except for the wooded and swampy
shore line) frozen peat bog with several labor
camps and a network of small rail lines for
transporting the peat. Further south was
frozen swamp and forest, all very lo.: land.
The Lake was frozen solid. 'Thaws in April
forced a halt in the Soviet offensive.

OPERATIONS

FIRST PHASE, 12-16 JANUARY

On the morning of 12 January 1943 the
Soviets attacked on a 15 kilometer front in the
east and a 7% kilometer front in the west.
The attack began with 3 hours o1 heavy ar-
tillery fire followed by dive-bomber attacks
which completed {1e demoralizaiion of the
German defenders. After this preparation,
tanks and infantry advanced. By the end of
the first day th:» Soviets had breached the Ger-
man defenses on both fronts (see Map 23).
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{he Soviets made further advances on 13 Jan-
ary. On the 15th the 2 Soviet forces advanc-
ing from the eastern and western fronts made
contact with each other, dividing the German
forces (Map 23). The Cermans made re-
peated counterattacks and succeeded in evac-
uating part of their isolated units and in re-
gaining ground in tne Jorodnk area (see
Maps 23 and 24).

In four days the Soviets accomplished their
first objective, the junction of the Neva and
Volkhov front Armies, and the establish-
ment of a corridor south of Lake Ladoga.
However, this corridor was only 8 to 10 kilo-
meters deep and was within range of German
artillery fire.

SECOND PHASE, 16 JANUARY-1 APRIL

Between 16 and 22 January the Soviets re-
organized their forces for an assault on the
new German line. Their immediate objec-
tives were the German strong point of Du-
browka and the secondary highway and rail
line between Kelkotowo and Gantowaja Lipka
(see Map 24).

Despite repeated attempts between 22 Janu-
ary and 1 April, the Soviets failed to make any
headway; the spring thaw forced suspension
of the operatio1 in April. Later in the year
the Germans were forced to withdraw from
this area, their position becoming untenable
as a result of Soviet victories scuth of Lake
Ilmen.

The Soviets reported the forcing of a corri-
dor to Leningrad as a great victory. Actually
their achievements fell far short of their real
objectives and cost an appalling number of
casualties (see Maps 23 and 25). The Soviets
lost 90,000 men i the first month of the of-
fensive, and by the end of March they had
lost more men than they had employed for the
beginning of the offensive. The Germuns
called this engagement the hattle that dralned
the Soviet infantry.

SOURCES
Sorist

Artillery War Expericrice in v, orld War II; Ar-
tillery on.the Volkhov Front in the Break-
through of the Leningrad Blockade. Trans-
lateu ‘n the Service Branch, ID, by ECEPY, 4
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Appendix B

TanLe XXV!

GCRMAN TORCES AND ARTILLERY DEFENDING THE VOLKHOV FRONT, 11 JANUARY 1943
(SEE MAP 22) XXVI ARMY CORPS OF EIGHTEENTH ARMY

CUMPONENTS ARTILLFRY (BATTERIES)
o Duvisions i Battelions { Reguments | Strength | ‘votal Ligat ! Medium { Heavy
223rd 2nn 344th 319 3 7 17
3rd 344th 439
Znrl 385th 351
3rd 385tk RE)
Mt 125th 276
3rd 425th 02
1at 322nd? W
2nd 322ud 204
2ed 322nd 250
Plus Mobilz Unit 223 315 3,222
170th . st 391st 307 12 13 5
2nd 3018t 302
3rd 2935t 310
Iat 20uth 304
2nd 399th 248
3rd 390th 359
st 4018t ALs
2nd 4015t 308
3rd 4018t 297
Plus Bievele Unit 240 310 2, 860
1st Inf, . 15t lat 448 12 2 13
2nd ist 511
134 22nd 550
nd 22nd 495
(S} 3rd [t
“nd 33rd 504
Pius Bicyels Unit Na., 321
and Light Armored iy 1 326 3, 669
227th 1at 328tk 246 i2 6 20
2nd 328th 253
2udd 366th 218
3rd 36oth 214
1ot 412h 261
2ud +12¢h 365
st ds4th ¢ 293
2nd 37440 200
I=d 37¢th 271
Plus iohle Unit 227 142 2,71t
96th, . .. 2nd 283rd 160 9 6 8
3rd 283rd 155
2nd 234tn Ju0
Jdrd Z34th 395
1=} 287t 493
2ud 287th 490
Pius Molule T'nat 198 318 RAYE . o ——
Taotal 15, 564 R # 6o

t Source’ Weeklr Reports, Ay rendix—Vol, X, to KTB No. ¢of t. XXV AH from } Jar varv ic 30 S0 e 1v43. Folder
34.55/13 (GMDIS).

2 The 3 bn of vhe 3220d Hegt wers borrowed from the 285th & cuniy [Division.

3 The 3 bu of the 374.h Regt were bostowed from the 207th Sesurity Division.
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ESTIMATE OF NUMB: k OF SERMAN PERSON-
Npl, DEFENZING VOLKHOV FRONT

Number in orranic battalions 12, 531
Number of battalions mvolved 39

Average number of men per havtahon 222

T/0 strength of battalion (before 1944) 750
Factor uof attrition—322/750 .43
T/O strength per division 17, 200
T/O strength of attrition factor 7, 400
5 Divisions . 37, 000
Attached personnel 3, 0005, 000
Eatimated streagth 40, 000-42, 000

Feb 49. E-9500, Russian, File No. 539177.
Restricted.

This is the report upsn which certain ex-
amples in the Fort Monroe report are based.
The translation is garbled and unreliable, ac-
cording to ID. It is evideri, however, that
the autror of this article is interested pri-
marily in the technical aspects of artillery em-
ployment. Very little information is given on
the operations of the irfantry and armored
units.

Conversation with Col Louis Ely, one of the
authors of the Fort Monroe report, revealed
that he supplemented the information in this
revort with deductions drawn from his own
military experience.

German

Activity Report of the XXVIth Corps, Ic (In-
telligence), 1 Jar 43 lo 30 June 43, folder
34955/15 (German Military Documents Sec-
tion) Confidential.

Appendix No 3 to Activily Report of the
XXVIth Corps, Ic, folder 34955/18 (GMDS,
Confidential.

Maps of the 18th Army, folder 36061/200
(GMDS) Confidential.

Appendix No 1 to Br. B. No. 130/43 of 11 Jan
43; map prepared by Seniot Artillery Officer
303, 18th Army, folder 35081/200 (GMDS)
Confidential.

Weekly Reports, Appendix, Vol. X, to KTB No.
9, XXV1ih Corps, 1 Jan 43 to 30 June 43, fclder
34955/13 (GMD3) Confidential.

Appendix, Vol. VII to K™B No. 9, XXVIih
Corps, 11 Jan 43 to 14 June 42, folder 34955/1C
(GMDS) Confider.tial.

Magp 1, XXVI Corps, 11 Jan 43 (GMDS) Con-
fidential.
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Map 22 in this study of the USSE offensive
aguinst the Germans, January 1943, shows the
German position in such detail that it da-
serves analysis. It is true that the Soviet con-
centrations in this encounter with the Ger-
mans were much greater than those of the lat-
ter. By making the present analysis it is not
meant to suggest that atomi~ bombs could
have been more profitably used against the
Germans, merely that the detail about {ne
German situation warrants a separate inspec-
tion.

It was decided to make a study first ¢f an at-
omic bomb strike near the front line and com-
pare this with a strike farther back. The first
strike would fall as close to the fronf line as
the safety of friendly treops (USSR) would
allow considering the present large errors re-
sniting from high level visual or radar bomb-
ing. It was arbitravily decided that one may
allow gamma-ray doses to friendly troops of 25
roentgens or 1 calorie per sq cm of heat radia-
tion (‘n accordance with Legington Project
analysis of maximum military permissible
dose to crews of nuclear powered aircraft).
Thus, on the assumption that friendiy troops
are in fox holes and duck down at least within
0.5 seconds, the closest one may ailow an air
burst 20 KT atomic bomb to detonate near
friendly troops is 2,000 yards when the men
are wearing ordinary uniforms or 1,650 yards
vhen special uniforms designed to protect
against heat radiation are being worn.

It follows that if the clearance between the
aiming point and the friendly front line is
2,000 yards plus 2 circular probable error
lengths, then the probability is 6.3 percent
that some friendly personnel will stand a
chance of receiving more than the maximum
permissible dose.

A reasonable clecrance of 1,700 yards be-
hird the enemy front line was chosen for ¢
weapon very accurately placed anc ..,”. )0 yards
for an inaccurate weapon, since high alti-
tule radar bombing accuracy is apparently
considered 1,000 yards circular probable

eITCr

A coiaparison of the dam~ge resii ..ag from
ti.2se two different aicps reveals that the near
drop affected front-line iroops primarily and
had but a nor effect on hattalion and regi-

e
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mental headquarters and light artillery bat-
teries, The far drop, on the other hand, had
¢ miner effect on front line troops and a
major effect on artillery, regimental head-
quarters, and a few "igher headquarters.
This difference suggested a separate analysis
of the efficacy of a series of atomic-weapon
drops against front Yine troops versus the same
number of bombs dropped against artillery.

The total number of Germans in the corri-
dor is not deflnitely known. In the historical
study previously presenteq in this Enclosure,
data are presented showing that the battalion
strength of the Germans had been reduced to
43 percent of T/O. The 1 January 1943 Ger-
man monthly reports of losses indicate that
the division artillery was up to about 92 per-
cent of T/E strength in weapons (guns, how-
itzers, et cetera) and presumably near this
figure in personnel. It was, therefore, decided
arbitrarily to assume that all artillery units
were up to 100 percent strength and all other
units were only 43 percent of T/O strength.
Since a full dwvision in 1943 had a T/O of
17,200 persons of which 2,500 were an artil-
lery regiment, the previous assumptions would
give 8,000 men as the average strength per
division. The 5 divisions of Germans in the
Volkhov corridor would contain 40,000 men in
addition to some 3.000-5,000 men in miscel-
laneous attached units.

NEAR-DROP VERSUS FAR-DROP

To proceed with the analysis, it is necessary
to make the following simplifying assump-
tions concerning the degrce of pretzcuwn
given to the c.mbat personnel:

All front line troops are dispersed and the
men are in fox holes (see Figure 25).

Head~~riers personnel are 50 percent in
the open and 50 percent in tox holes or in
equivalent shelters.

Personnel af the batteries of all artillery
units are in the open.

Two positions, one for a near hit and one
for a far hit, were selected which appeared
to yield the greatest cas1alties. The near hit
was put 1,700 yards from the friendly front
line (see Map 26). The radial distance from
ground zero of ench unit was measured ant
the numuer of casaalties estimated from the

Wt

sults of the analysis are summarited 1n Tabie
XXVII, for troops in the present ordinary uni-
form and for troops in a uniform especially
designed to reflect a large poriion of the heat
from the burst. This latter uniform gets so
hot that it must be discarded immediately
after the burst has supsided; bui a man so
clothed is still vulnerable to gamma radiation.

One main point brought out by this table is
the great difference in vulnerability of artil-
lery troops in the open and front line troops
in fox holes. Although the density of troops
is greatest near the front line, the far drop
will be found to cover approximately the same
number of personnel as the near drop. This
apparent anomaly is due to the fact that a
considerable area of the near hit is over
friendly troops. In terms of total casualties
the far hit seems more effective but the effi-
cacy of the near hit is increased as it ap-
proaches closer to the front. To place it in
optimnm position requires a clearance be-
tween the lines of ai icust 1,000 yards (1,000
yards plus 2 circular probable error of place-
ment).

The apparent great advantage of wearing
special uniforms is somewhat illusory since
it is necessary to shed the uniform immedi-
ately after the atomic weapon attack is over.
Troops are forced to get rid of their special
uniforms while in a highly ‘nilnerable posi-
tion for attack by a second atomic weapon.
Thus if 2 atomic bomhs are dropped in suc-
cession against troops equipped with special
uniforms, the second homb would catch the
troops in the op®n and unprotected. The
very hest, then, that the special uniform can
do is to require Z atuuzic bombs to do the job
that 1 atomic bomb would do against troops
in ordinary uniform.

Another significant result is the high cas-
usalty rate against artillery per-or nel by the
far hits, and the poor effeci oi far hits against
front line troops.

The far hit is more typical of our present
capabilitie. since ‘re UR doe~ not possess a
weanci. sysu m capaine cf the accuracy re-
quired for tue close attack. This analysis is
some indication of the necessity for the greater
accuracy which could be achieved by a guided
missile.
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TasLe XXVIQ :
ESTIMA'LED CASUALTIES IN VARIOUS CATEGORIEE FOR NEAR HIT AND FOR FAR HIT—~THE RANGE
OF VALUES INDICATED IS THAT RESUITING FROM UNCERTAINTY AS TO
NUMBER OF TROOPS IN VOLKHOV CORRIDOR

| PERCENT OF | oo oronn op | PERCENT OF 1
!'rnoops PE-| .4 TRoo®s ARTILLERY PERCENT OF ''OTAL TOTAL PERBONS IN
PLOYED (IN (Y3 1N OPEM) TROOPS PERSONS IN CIRCLE OF CiRCLE OF 5,000 t»
FOX HOLES) | IN GIVEN (IN OPEN) 5,000 yn *.pIUS IN [ HAT "8 IN GIVEN
I IN GIVEN CATRGORY IN GIVEN GIVEN CATEGORY ‘ CATEGORY
CATEGORY CATEGORY i
Near Hit 1,700 Yards From Front Line
our 8Us oU 8U oU SU ou 8U 0ovU 8U
Immediate Casualities. 8 9 3.8 45.2 24 -30 1, 210~2, 520
5.9 0 0 1830 15+
Immediate Deaths. . 4.0 18 8 110 8 810 8 445~ 900
14 0 0 0805 38
Delayed Deaths. ... 2.0 0 0 1.0-06 52
4.5 4.8 0.5 83429 170-240
Total Personnel 2,617 932-2, 171 1, 508~3, 514 3, 057-8, 302
Far Hit 5,000 Yards From Front Line
Immediate Casualties 0 37.6 79.1 37 -50 1, 825-4, 250
0 07 15.6 6 -8 300-700
Immediate Deaths 0 18.3 55. 4 25 -33 1, 200~2, 800
0 0 6.5 2.5-33 120-200
Delayed Deaths 0 0 0 0 0
0 1.0 12 2 5 -6.5 240-550
Totel Personnel 2, 081 910-2, 120 1, 877-4, 374 4, B68-8, 575

t QU equal Ordinary uniform.

2 8U equal Special uniform designed to reduce injury from heat of atomic weapon.

ATOMIC WEAPON OPERATION
AGAINST FRONT LINE TROOPS

In designing an optimum attack against
front Line troops, such as would occur in prep-
araiion for a breakthrough, a portion of the
German front was selected in which the qQivi-
sionn frontage is about 7,000 yards (see Map
27). Several qualitative observations can L.
made.

1. With present bombing errors estimated
at 500 yards circular probable error for visual
bombing and 1,000 yards circular probable
error for radar bombing, the required clear-
ance of friendly front lire troops for radar
bombing is about 2,000 yards plus 2 circular
probable error, or aboui 4,000 yards. This
distance is too great to secure optimum effect.

2. The atomic weapons should burst about
1,000 yards behind the enemy front line for
maximum effect against iront line troops in
fox holes.

3. To comply with safety reyuirements for
frieadly troops, ther: ;hould be a separation
between front lines of 1,000 yards plus 2 cir-
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cular probable error. This may require a
withdrawa! of the fri:ndly troops just prior tu
the attack.

4. Since battalion and regimental head-
quarters in th: German Army are from 1,000
to 3,000 yards behind their front lines, they
are highly vulnerable to atomic weapon at-
tack. This is €.peciaily true of their com-
murication lines which are in the open.

5. The effectiveness of bomb bursts adjacent
to each other is augmenisd in that some dam-
age is additive (e.g., gamma radiation) and
the probabiiity of no-gemage is multiplicative.
The resulting damage area, therefore, is
greater than if the 2 bursts were ~'s-~ed sepa-
raiely. The drawing of the 100 peccent and
iust 0 percent casualty confours in Map 27 is
a crude attempt to estimate this effect. Since
the original curves ~re pocrly dctermined, an
accurrl catenlation ok inic overlapning effect
is not now warranted. A spacing of 2,500
yards seems to be near optimum for this addi-
tive effect. Note that this spacing refers to an
attack against troops in a defensive position.
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Appendix B

6. From & pattern such as drawn L1 Map 27,
one would expect 100 percent casualties out to
2,000 yurds behind enemy font Iines.

7 1f froops are dug in, the regimental re-
serves which are 1 X comrnitwed to a position
close bekind front line troops are usually not
immeiate casualties. Note that the fox hole
herein considered is the smallest that & man
can ges into.

8. Three bombs per division front of 7,500
yards are required completely to neutralize
front line {rogps (i.e, one bomb per regiment
iI frontage is 2,500 yards per regiment).

9. If the division frontage is decreased, the
number of bombs per division will tend {o re-
main constant, sinee the division will increase
in depth. The experience at St. Lo is an ex-
ample of this. Here the frontage was 6,000
ysards for 5 US divisions and these extended In
depth to more than 9,000 yards. The area per
division was 1.6 x 10" yards®. The area of the
German 1st Division (front line troops, not ar-
tillery) was 7,000 yards wide by 2,600 yards
deep, or 1.4 x 107 yards3.

10. A bonus efiect is obtained by the neu-
tralization of a large fraction of the light
artillery (about 80 percent) ss well as damage
to regimental and battalion headquarters.
Very little medium and heavy artiliery is
afiected.

11. Reserves which are dug in or otherwise
protected and farther than 2,000 yards from
the center of the line of bomb hits will not
suflfer spprotiavie Lunvdivie casuaites.

12 If communications depend on field wire
laid ulong the surface of the ground or sus-
pended in trees, it will be entirely disrupted

13. When tr~ divisicu aolds a irontage oi
more then 7,000 yards, bombs per frontage
tend fo remain constant. Beyond 7,000 yards,
therefore, the bombs per division increase di-
rectly with increase in division's frontage.

i4. oo accuracy required in the p:acement
of bombs for near optimwyr effect is: circwlar
probsble error of 250 yards or better.

More detailed analysis on the basis oi the
same assumptions ag to number of troops in
fox Goles, in the open, et cetera, used pre-
viously, revesls that 89 percent of personnel
covered by the 25 percent contour for imme-
diste casuulties would become immediate cas-

L

IMMEDIATE CASUALTIES FROM THREE BOMBS
DROPPED ON IXT DIVINION (ORDINMRY

UNIFORMN
T T T T T T S e ipotal XU
I wo. ME g irortx. NUR
i DIATS t.u-i oENT | BIXR IN
e e o YaLmER L ( PATTERY
Deployed troops 2,352 at 2, 417
Artllery personnel 1, 005 70 1, 584
Headquarters  person-
nel % »n 506
Tatal 3 700 4,175

valties 1f they wore ordinary uniforms and
were in the open (sce Table X¥ VI

it should be noted trat these calculations
apply to troops on the defensive. Much higher
casualties should resuit when the atomic
weapon {5 used agsinst troops on the offen-
sive. The atomic weapen spacing required
would be more in “he order of 1 weapon per
drvision front of 7,500 yards.

ANTI-ARTILLERY OPERATION

The assessment of the effectiveness of an
air burst atomic weapon against artiliery Is
complicated by the degree of uncertainty as
to the disposition and protection of personnel
at any one instant.

Gun emplacements with 1 3% 1t parapet
as depicted in FM 6-101 p. 251 ufford very lit-
tie protection to personnel fn the sct of
manning the gun. The parapet is not hizh
ennugh to peuse arnvrocinhlc shadsw {of hizal
protection except for atomic weapon Lursts at
approximately 5,000 yards. The specigl
trenches dug for personnel proiection in case
of strafing are touv far from the operating
positions to allow the personnel to duck into
them in time to reduce the heat dosage ap-
preciably Men in the ammunitaicn handling
pit would be rrotected from atomic weapon
bursts in one directi~ up to about 1,000 yards.
One may conclude that persoans] manning 2
gur in an emplacement of World War )1 var:-
ety are essentially in the open as regards the«
yulnerability 1o harm by an air burst stomie
weapon.

Percounel off-dusy would be resting in an
exposed position if danger from strafing alr-
craft were unlikelv and the as e weapon
upxnown. Cuiue other hand, a smal! amount

12¢
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of strafing, or ihe threat of use or past use of
an atomic weapon shou.d certainly serve as
sufficient motivation for off-duty personnel to
seek shelter of some kind—shelter which
would protect ther: fiom the heat effects of
the atcmic explosion.

In a static position, one must obviously
aweit a time when the enemy artillery is ac-
tive, otherwise a large fraction of the person-
ne! would be in protective positions. On the
other hand, if an attack is imminent (sey an
attack by Scviet troops) large quantities of
artiilery may be in process of placement dur-
ing the night. Since most of the personnel
are in active exposed positions during an em-
placement, if the enemy can be caught with
a large fraction of his artillery in motion,
large casualties to his artillery would recult
(50 percent out to approximately 3,800 yards
from the burst, i.e., the exposed artillery be-
hind a frontage of about 7,000 yards would
have 50 percent or more of its personnel im-
mediate casuaittes, and 100 percent casualties
behind a frontage of 5,500 yards). To caich
an enemy 30 exposed requires almost perfect
knowledge of his mov~ments.

As a more realistic picture, suppose the
enemy artillery is not attacked until its activ-
ity rises to 2 high level leading one to suppose
an attack is in preparation. An atomic
weapon over the artiliery would then neutral-
ize immediately a wide circle of artillery. As-
suming that one-half of the personnel are
these—or one-sixth of the total-—can man the
guns effectively, then the radius of imumediate
incapacitation of artillery would be 3,300
yards. Those inits between ground z2rs and
about 1,000 y..ds would be completely neu-
tralized, since the resting men would become
casualties although protected by fox holes, et
cetera. Those units between 1,000 yards ra-
dius ard ® 300 yards radius would have a re-
serve of resting men who could be mustered
and put to work manning ‘he guns in a short
time.

Battalion Headquartlers troops are assumed
to be dug in, in emplacements similue to thogs
pictured in FM 6-101, pp. 240 sad 241. These
emplacements afford imperfect protection.
Onc may estimate that the 100 percent imme-
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diate casualty zone would be the same as for
fox holes (about 700 ysrds) while the zero
effect zone would be out to more than 4,000
yards. This large range of values :sults
from the peculiar U-shaped entrencoments
and from the assumption that the fortifica-
tion would present a random orientatior to
the atoniic weapon burst.

The disruption of wired comamunications is
an important effect. On the assumption that
at least 100 calories per sq cm would be neces-
sary to burn the field wire sufficiently to make
it useless, the circle o. effectiveness against
such wire would have a radius of about 700
yards. The additiona! disruption of radio
communications is also uncertain. Since the
radio sets can withstand fairly severe shocks,
the radius of effectiveness against units in
dug-outs uncorered must not be greater than
the radius for 100 percent damuge to person-
nel. Radio equipment mounted a few feet
above the surface of the ground might suffer
considerable damage out to about 2,000 yards
from the wind produced by the explosion.

Wire repairmen will generally be in the
field hglf the time, and in open vulnerable po-
sitions. These men are highly important to
the communications system sirce they require
considerable training and erperience. Their
loss would have a delaying flect on the effi-
ciency of the artillery operation. It seems
reasonable to conclude, therefcre, that the
immediete effectiveness of an atomic weapon
against communications within the artillery
is likely to be confined to a circle within 1,000
yards.

Thus, for artillery strung out behind a
frontage of 7,000 yards, the immediate effect
of an atomic explesion over the artillery area
would be to silence all batteries behind this
frontage. In a short time the haticries aloug
5,000 yards of this frontags should resume
operations, some with reduced effectiveness,

Large-scale silencing of the astillery would
result if now, after the resumption of artillery
operalivas foliowing the use of an atcin
weapon, & second weapon is smpioyed (the ivd
perceni zones should not overlap) orer nearly
the ssme area. This second weapon shouid
calch the artillery with tts remsin.ng person-
nel operzting the batteries, ~.¢ dceciipn ron
fers, et cetera - anout men resur g in reserve
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Appendix B

These considerations lead one to estimate
that at least 2 bombs per 7,000-yard frontage
of arullery aie required for highly effective
attack against artillery; provided that these
weapons are not employed simultaneously, but
one-half for the first attack when the artillery
is active; one-half for the second attack when
the artillery resumes activity.

Since it seems likely that the decisicn for
the use of aternic weapons must rest at a high
echelon of command, the organization for the
gathering of information, transmission, de-
cision, dispatch of atomic weapon, et cotera,
must be highly streamlined to allow effective
use against fleeting targets. 10 some extent
the artillery may be considered a fleeting tar-
get since it presents high vulnerability only
when emplacing or firing.

Revised tactics of firing and protecting per-
sonnel would increase the requirements of
atomic weapons previously stated. For in-
stance, the enemy could keep more artillery
personnel in reserve, never allowing more than
one-third in vulnerable positions. Such tac-
tics would increase the atomic weapon require-
ment to one per 2,500 yards of frontage, i.e.,
to & reqairement equal to that for front line
troops. This latter figure is very close to an
upper limit since the 100 percent immediate
casualty zones of the weapons overlap.

Dispersion of batteries in depth of greater
than 5,000 yards woulid be required to change
this requirement or weapons noticeably. This
is impracticable due to prezent-day ranges of
artillery.

The German artillery situation on the Voik-
hev front was studied with these gualifications
in mind (see Mup 28). Table XXIX lists the

Than

types of guns operating in the Volkhov corri-
dor. Shown for four separate bomb strike
positions are the number of batteries neu-
tralized temporarily (resting men assumed to
be protected) and the number neutralized per-
manently, i.e., the number ir. which the rest-
ing men (assumed to be near the batterles)
would also be expected to be immediate casu-
alties even though prctected by fox holes, et
cetera.

One may assume that a total of 8 to 12
bombs would be required permanently to neu-
tralize all the batteries listed as “temporarily”
plus “permanently” neutralized.

The data is further condensed in Table XX"1
which gives the totas number of batteries of
light, raedium, and heavy artillery in the cor-
ridor, together with the fraction of these per-
manently disabled by the first bomb over that
area, and those temporarily plus permanently
disabled.

These figures will not fit in the previous
estimates of bombs per frontage since the
front is U-shaped and the German artillery is
placed in 2 main clusters and 2 minor ones.

In summary it is noted that the vulnera-
buity of the artiiler- is at best about equal *o
that of front line troops on the defensive,
except for unusual situations of front curva-
ture, movement, et cetera. ‘“About equal”
here means within a factor of 1.5. The Ger-
man artillery in the Volkhov corrider is possi-
bly easier to neutralize than that supporting
an equivalent frontage in a straighter line,
since the artillery has been forced to concen-
trate due to the geometry of the front.
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TABLE
GER? BATTERIES OF VARIOUS TYPES IN VOLKEOV CORRIDOR
HIT ¥NoO. 1 HIT NC. 2
NO. O¢
KIND OF BATTERY BATTERIES '
: N Tensporarily Temporarily-Plus- Temporaril Tewnporarily-Plus-
CORRIDOR tq zt;f:;ﬁ od Permanently N eu{’r alize ,{ Permanently
et Neutralized et | Youirised

20mm AA guns 11 2 2

75mm assauit guns 2 0 1

2%mm AA guns 4

sountais guns 36.. . 2

105mm how 18...... 41 0 10 ] 14
150mm bv fid how ... 10 0 4

150mm hv fid how 18.. 8 0 4 0 1

210mm hv hi ang how 7 1 2 0 1

210mm bv hi ang how 18 11 1 5 1 4

305mm hv hi ang how 18 2 1 1

305mim hv id how 18. . 1 [ 1

Smoke projectors. 3

Coastal guns. ... .. 3 0 1

1056mm Igt 8d how . 1

Btry med guns (1057).. 1 0 1

240mm Theodor guns 3 0 2

170mm guns on how mtg 2

Taswe XXX

FRACTION OF GERMAN FIELD ARTILLERY BATTERIES IN VOLKHOV CORRIDOR NEUTRALIZED
PERMANENTLY AND PERMANENTLY-PLUS-TEMPORARILY PER BOMB HIT NO. 1

LIGHT MEDIUM HEAVY
46 43 o7 AVERAGE
NO. OF Perma- Tempo- Perma- Tempo- Perma- Tempo- Perma- Tempo-
BATTERIES nently rurily- pently rarily- nently rarily- nently rarily-
Neutral- | plus-T-er- | Neutral- | plus-Per- | Neutral- | plus-Per- Neutral- plus-Per-
ized 1aaneotly ized manently ized manently ized manently
ist Bomb posi-
tion R 0 .24 0 .14 .07 .37 . 023 .25
2nd Bomb posi-
tion .. .16 .30 ¢ .21 .07 .26 . 0567 .26
3rd Boiub  posi-
tion e 0 17 ] .11 .07 .19 . 023 .16
ith Bomb posi-
tion .02 .09 0 .14 0 .04 . 006 .09
Total Fiacivus
of Four Boroh
Positions, . .12 .80 G iy .21 .81 .11 .76
132 L\
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XXIX

AND NUMBEK NEUTRALIZED BY SELECTED BCMB HITS

NUMBER OF BATTERIEs SUFFERING 25 PERCENT OR TOTAL BATTERIES TOTAL BATTERIES

MORE IMMEDIATE CABUALTIFS NEUTRALIZED REMAINING ACTIVE
Hit No 3 ' Hit No. 4 : Temporarily- Temporarily-

| Temporarily- ‘ Temporarily- Temporarily Plus- Tempor: rily Plus-
Temporarily| ~ Plus- Temporarily Plus- Neutralized | Permanenily | Neutrsuzed | Permanently
Neutralized | Permanently | Neutralized | Permanently Neutralized Neutraiized
Neutralized Neutralized

0 2 0 1 2 5 9 6

0 1 2 1

0 1 0 1 0 2 4 2

0 1 1 1 1 2 1 0

0 7 0 3 5 34 36 7

0 2 0 3 0 3 10 1

0 1 0 1 0 7 8 1

0 2 0 1 1 f 5 1

0 1 2 19 9 1

1 1 2 2 0 ¢

1 1 0

0 3 3

1 3 2

0 1 1

1 i 1]

2 3 1

0 i 1 2 1
willr i3
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Appandix B

PROBABLE EFFECT OF ATOMIC WEAPONS ON US FIRST ARMY
IN WORLD WAR I

INTRODUCTION

This report will congider the probable effect
of air bHurst atomuc bombs on the opsrations
«f the US First Army in Europe in World War
II. The operations from $he beachhead to
contact with the Soviets will first be outlined
and finally some specific aetions will be an-
alyzed, It is emphasized that while it is pos-
sible with suitable assumptions to 2pproxi-
mate the eftect of the bomb on combat per-
sunnel, it has not been found profitable to
attempt to determine the amount of damage
to military equipment or to lines of communi-
cation. Techniques will be developed to ex-
pand the analysis to include sthet than effects
on personnel. In the meantime, the following
analysis is presented as a first approximation
to 8 solution.

FIRST ARMY OPERAXIONS IN EUROPE

Om 1 March 1945 at 2050 hours the First
Army, massed and prepared for an attack
against Cologne, Lad begun to move forward
on a 28-mile front. Of the 17 miles V Corps
held of this front, the 69th Div was responsible
for 5,000 yards. {(See Tetle XIXXI for First
Army Report of Operations, and Table XXXII
for Strength of Corps.)

The 9,000 me in the 3 regunents of the
69th Div (L2, 2T1st, 272nd, and 273rd Regt)
were within 2,500 yarzds of the front line.
These situations are illustiated in Maps 28,
390, and CZ.  Zhe 272nd Regt of the §9th Div
was in reserve south of the 69th Div in the
106th Div area.

Position and strength of division artidery is
uncertein. Ii . assumed io consist of 4 bat-
talions of 500 men each, and is known to be
supported by 2 battalions of 500 men each,
and one heavy howitzer battery of about 150
men fram V Corps. Ail 6 ot these battalions
are located 3-8 milss from the front line, 3
stwlions assumed .: W within the 273rd

-« o

Regimental area and 3 within the 271st. The
heavy howitzer battery is probably further
than 6 miles frcm the front line.

EFFECT OF ATOMIC BOMBING ON FIRST
ARMY

Using Map 30 showing the position of the
273rd Regt, the effect of bursting a 20 KT
atomic bomb at each of the aiming positions
numbered in shaded areas on the map is con-
sidered.

The actual distance in yards of all the troops
within the radius of the bomb's effect is meas-
ured and the resulting percentage of deaths
and incapacitations is read off from Figures
25 and 27. Incapacitation means an injury
sufficient to require hospitalization or first aid,
the soldier being removed from active partici-
pation in the battle.

In Table XXXIII the results of these meas-
urements are tabula’'ed for the 275rd Regi-
ment.

Similarly, using Map 31, the effects of drop-
ping an atomic bomb at various places within
the area of the 271st Regt are studied and the
results presented in Table XXXIV. For a
bomb dropped close to the line between the
273rd and 271st Regt (see Map 31, aiming
point 9), the results can be summarized in
Table XXXV.

A study of Figures 28, 29, 30, and 31, shows
that the average frontage of a division in the
First Army ranged from 1.71 miles in de-
fensive operations (12-19 divisions in action).
On the average, 1 20 KT atomic ...ab will
effectively stop an offensive operation of a
division, if the men are wearing ordinary
clothing, and 2 bombs will stop the offensive
if the men are wes: ..g pecial vZyormns. If
the fror Lage is smaller than average, - atomic
bomb may be sufficient to eliminate a division
even though the men are wearing special
clothing.
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Map 20.—Position of US First Army 1 March 1845, 1200 Hours
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Tasrs XXXI
FIKST US ARMY, REPORT OF OPERATIONH!

DATR SITUATION o [ " opERaTION

1944
16 May-1 Aug Amphibious Offensive

Moun' ng of Operation ““Neptune' Amphibjous Operations

6 June Operations on Omaha and Utah Begches Amphibious
7~10 Juac Tstablishmeat ¢f Seachhead Am shibious

£5 July-1 Aug

1 Aug- 12 Sep

1-12 Aug

13-16 Aug

18-26 Aug

27 Aug-3 Bep

4-12 Sep
13 Sep-15 Dec
13 Sep~1 Oct
2-21 Oct

22 Oct~15 Nov

16 Nov-15 Dec
13-156 Dec

16 Dec~22 Feb 1945
16 Dec-2 Jan 1945

1946

3 Jan-27 Jan
28 Jan-22 Feb
23 Feb-28 Feb

1-24 Mar
7 Mar
8-24 Mar
28 Mar-18 An~
6-18 Apr
19 Apr-8 May

19-24 Apr
25 Apr-% May

Carpaign to Canture Cherboury
Cutting the Peninsula and the
advanoce Capture of Cherbourg

Operation “Cebra”
Buccess of Decisive Breakthrough operation

Exploitation of S Lo Breakthrough
The Drive South

Mortain counterattack
Checking the Blow
Falgise-Avgentan Gap

Closing the Gap

Drive to the Seine

Capture of Elbsuf

Capture of Paris

Preparations for Ezploitation
Battle of Northern Prance
Drive to the North

Change of Direction to the East
Push to the Siegfried Line
Battle of Gerniany
Consolidation

Aachen oftensive

Capture of Aachen

Preparation for a new offensive
Attack toward Schmidt

Drive to Roer River

Roer Dams Offensive

German Counteroffensive and Drive to Roer River

German Counterofznsive

Allied Counterattack

Drive to Roer River

Crossing the Roer River

Drive to the Bvf: Puwer

Crossing the Rhine

Advance across the Erft River to the Rhine
Capture of Remagen Bridge

Build-up of Bridgehead

Exploitation of Remagen Bridgehead
Encirclement of German Army Group B
Drive to <as¢

Clearing Ruhr Pocket

PFinal Opera‘ions

Consolidaion on Mulde River

Contact with the Soviet Army

Ouenzive Jperations

Offensive
Offensive
Pursuit
Pursuit
Pursuit
Pursuit
Pursait
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Pursuit
Offensive
Offensive
Offensive

Offensive
Offensive
Offensive
Offensive
Defenze
Defense

(Counterattack)
Offense
Offense
Offense
Offense
Offense
Offense
Offense
Pursuit
Pursuit
Pursuit
Pursuit
Offensive
Offensive
Offensive

1 First Army had 2-4 Corps {av. 3); aud 5-19 Divisicne /v, 12),

287 max). *

O~

Average First Army it 10:.40 a,.08 (18.8 min—
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XXXII
GERMANY 28 FEBRUARY 1945

| orricErs | ENwusTED MEN

69th Division
Assigned Unats
271 Inf Regt. PN 158 2,736
272 Inf Regt. R e e .. 181 %, 991
273 Inf Regt.. . . e e e s .. 159 2. 940
69th Div Artillery
269 Engr Combat Bn
369 Med Bn
HQ 8pec Troops
49 MP Platoon
69 Recon Troops (meczd)
89 QM Co
569 Signal Co
769 Ordnance QM Co
HQ and HQ Co 89th Inf Div
Attached
661 TD Bn
Supporting Units
406 FA Gp
HQ and HQ Btry e e e e e e e e e e e 18 76
4186 FA Br: {165mm howntzer—tmoor, drawn) PN . .. v 471
041 FA Bn (4.5-inch gun—tractor, drawn)
B Btry—552nd FA Bn (240 mm howitzer—tractor, drawn)
467 AAA Auto Wpus Bn (8P;—A, B, C, D Btrys using M-1%'s and M-15%. .. . 36 650
(562) (9, 864)
68th Division Total e e e e e e e e 304 12, 983
28th Division. ... . . . . .. ... oo oo e e 743 13, 140
2nd Division. . e e vee e e e .o . . 868 18, 264
1v6th Divismn ....... - .. e eeee e e 437 5, 666
7th Armored Division (Reeerve) . 714 10, 102
3, 556 55, 155
V Corps Troops e e e e e e e e ame eaneas e . 25,470 officens and enlisted men
Total Strength V Corpa. .. .. ....... iver v it ees . 85,000 officers and enlisted men

The V Corps on 1 March 1945 had 4 infantry
divisions and 1 armored reserve division in the
field. It contained about 85,000 men and haw
a 16-mile fron.. Atomnic bombs have little
effect on tanks and personnel inside the tank.
The only hazard to men inside tanks is that
from gamma radiation, and since these efiects
are in genciui delayed, the immediate tactical
situation will not be affected. Since 1 bomb
will effectively stop the offensive operation of
a division, 4 bombs would destroy the V Corps
on 1 March 1945 if the men wcre wearing
ordinary clothing. If the men were wearing
protective clothing, 8 bombs or less would he
necessary to destroy the corps.

Figures 28-31 show that the corps’ front-
age varied fromn a minimum of 6 miles to &
maximum of 180 r..cs {or various types of
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operation. Since the lethality of the bomb
depends on the distance from burst a corps
that was widely dispersed would requirc many
more bombs to knock it out. Thus, it is obvi-

ous that the time picked to drop an atomic’

bomb is of paramount uaprrtance.

The First Army, of which the V Corps was
a part, had from 2 to 4 corps (average 3) and
between 5 to 19 divisions (average 12) from
15 May 1944 to 8 May 1945. The ..y front-
age ranged from a minimum of 19.8 miles to
% maximum of 287 miles. On 1 March 1945,
there were two corpa in the First Army and
the froptage was al.ut 32 miiez. 1 the men
were 'u ordinary clothmy 8 bon:t. or less
would have been required to knock out the
First Army, 18 bombs or less being required if
the men wore protective clathing.
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Appendix B

Tazwe XXXIII
EFFECTS OF GERMAN USE OF ATOMIC BOMBS AGAINST THE 273RD REGIMENT, 69TH DIVISION,
V CORPS, FIRST ARMY, 1 MARCH 1945, 20600 HOURS

| AIM- ; 7
Emnpx.sg NG TARGET i ASSUMITIONS EFFECTS
| PorxT | ! .
1 1 Artiiiery i. U.b. iroops and German troops 1. Three artillery battalions of the 273rd, several
dug . command posts, and ume e porting units
2. Artillery men in open. almost completely knocked out (approx.
3. All men 1n ordinary uniform. 1,000 dead, 8C0 incapacitated).

2. iiaif ot one artillery battalion in 271st Regi-
mental area, and part of one artillery bat-
talion in 424th Regimental area of 106th
Division, plus parts of supporting units,
knocked out (approx. 200 dead, 400 inca-
pacituted).

3. No front line troops affected.

Summary: Approximately 1,200 killed and 1,200 incapzacitated. Artillery effectively eiiminated end any offensive action

of this regiment stopped Al effects are on personxel, lirtle dariage occurring to guns,
11 1 Artillery 1. U.S.treopsinopen, Germantroops 1. Effects on artillery the same as effects 1 and 2,
dug 1. Example I.
2. Artillery men in open. 2. Approx 600 front line troops die, and 1,200
3. All men in ordinary uniform. incapacitated.

Summary Approximately 1,800 killed and 2,400 incapacmtated. Artillery effectively eliminated. More than half of all
front line troops in Reg. area are out of actinn.  Artillery fire control and optical apparatus located at observa-
tion posts may be danaged.

m 1 Artillery 1. U.S. and German troops dug in. 1. About two-thirds of artillery strength of 273rd
2. Artillery men in open, wear special Regt. knocked out (approx. 400 dead, 609
uniform. incapacitated).
3. All front line troops in ordinary 2. Little or none of artillery in adjacent Regi-
uniform. mental sreas affected.

3. No front line wroops affected.
Summary Approximately 400 killed and 600 incapaaitated. Two-thirds loss of artiller 7 in Regimenta! area effectiv _ly
eliminates the Regiment from offensive actior. If artillery men can get some shielding such as metal shields
T gun positions, and/or some shielding from ground burial, effect.. on artillery will be greatly reduced.

v 2 Troops 1. U.S. troops in open, German 1. Approx. 2,900 front line ‘rodps of the 273rd
troops dug in. Regt. out of action (about 2,300 dead, 700
2. Artillery men in open. incapacitated).
2 All men 1»v ordinary uniform. 2. Close to 10 percent of 271st Regiment per-
4 German troops at least 2,000 yds. sonnel incapzcitated (350 men) and 10 per-
from cronna z:to cent of 424th Regiment personnel incapaci-

tated (350 men).
3. About 80 percent of all artillery personnel in
273rd fginy ~* erca knocked out (500 dead,
700 incapacitated).
4. Abamt 75 percent of personne: of one hattalion
of artillery in 271st Regiment ares knocked
out, plus other supporting units azd P,
plus about 40 percent of or ~ v %e company
in 271st Regiment (zppiva. 150 dead, 350
incapacitated).
5. Approx. 40 percent of one artillery battalion
i $Zith Reginent area knocked out {50
dead, 157 ° .canacilavid)
Summary Approximately 2,900 killed and 2,606 u.capacitated. Trua . ¢ 1590p2 2tc vue 2 the oper the effects wili
be overwhelming and compictely wipe out the offeroive ¢i the Regiment, at the same time doing considerable
damage to adjacent units
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Ex.wn.zi ING TARGET ASSUMPTIONS i EFFECTS
| POINT i
v 3 Front Line 1. U.8. and German troops dug in. 1. Approx. 900 front line troops of the 273rd
Troops 2. Artillery man in open. Regt. out of artion (200 dead, 700 incapaci-
3. All men in ordinary uniform. tated)
4. German troops at least 2,000 yds. 2. About one and orc-half s ubiory icottalions
from ground gero. knocked out (400 dead, 350 incapacitated).
3. Abouv 25 pareent of one artillery battalion: in
the 271st Regimental area and 25 percent
of one artillery battalion in the 424th Regi-
ment area knocked out (100 dead, 209 inca-
pacitated).
Summary: Approximately 700 killed and 1,250 incapacitated. These effects should be enovgh to stop the offensive of the
Regiment.
V1 4 Front Line 1. U.8. troops in open, German 1. About 500 front line troops of the 272rd Reg:.
Troops trcops dug in, both in special deaq, 1,000 incapacitated.
uniform. 2. One sud une- ariillery hattalions knocked
2. Artillery men in open in ordinary out (300 dead, 450 incapacitated).
uniform. 3. About 15 poreent of each artillery battalion
3. German troops at least 1,650 yds. north and south of 273rd Regiment out of
from ground zero. action (60 dead, 120 incapacitated).

Summary: Approximately 860 killed and 1,570 mncapacitated. Artillery effectively knocked out and infantry seriously
lost. Offersive will be stopped.
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L ;‘¢-»‘i§‘5m
TasrLe XXXI1V

EFFECTS OF GERMAN USE CF ATOMIC BOMBS AGAINST THE 271ST REGIMENT, 69TH DIVISION, V
CORPS, FIRST ARMY, 1 MARCH 1945. 2000 HOURS

4
AN~
EXAHPLE! ING I TARCET l ASSUM?TIONS EPPECIS
| PGINT | i
VI 5 Artillery 1. Same as :n Sxample I. i. Three artillery battslions of 271st Regt.,

several ecommand posts snd supporting units
knocked out {1,300 dead, 306 i.icapacitated),
2. Half of one artillery battalion in 273rd Regi-
men* aud 28th Division krocked out (&pprox.
200 dead, 400 incapacitated).
3. No front line troops affected.
Summary: Approxinately 1,506 killed and 1,000 incapacitated. Resuits same as Ecample 1.

VIIl 5 Artillery 1. 8ame as in Example II 1 Rame as in Exataple VI above for artillery.
2. Approx. 600 front linc troops dead, 1,200 in-
capacitated.
Sumwmary: Approximately 1,800 killed and 1,800 in>apacitated. Resuits the same as Example I1.
IX 5 Artillery 1. Same as in Example III. 1. Same ag in Fxainple 8 for artillery avd front
line troops.
Summary: Same as Example I11,
X 8 Front Line 1. Same a8 in Example IV, 1. Approx. 2,900 front line troops of the 271st
Troops Regt. out of xction (2,200 dead, 700 incapaci-
tated).

2. About 10 percent of personuel in 273rd Regt.
and 10 persent of one regiment of 28th Divi-
sion out of actiun {200 dead, 450 incapaci-
tated).

3. 75 percent of artillery personnel out of action
(500 dead, 790 incapacitated).

4, 15 percent of one 273rd Regiment artillery
battalion out of activn and half of one 28th
Divigion artillery battalion (100 dead, 225

incapacita’ ed).
Summary: Approximateiy 3,000 killed and 2,075 incapacitated. Results same as in Example IV.
XI 7 Front Line 1. Same as in Exawnple V. 1. Approx. 900 frunt lice troeps of the 271st Regt.
Troops out of action (200 dead, 700 incapscitated).

2. Two artillery battslions kriocked out (300
dead, 700 incapacitated).
3. i0 percent of the 28th Division artillery out of
action (50 dead, 100 incapacitated).
Sumary: Approximately 550 killed and 1,500 incavacitated. Results same a8 in Example V.

Al 5 Front Line I Same as in Laample VI 1. Approx. 1,200 front line troops of the 271st
Troops Regt. out of action (400 dead, 800 incapaci-
tated).

2. 60 pereent of tac inree artillery battalinns in
the Regimantal arca knocked out (300 dead,
€50 incapacitated).

3. 30 pereent of one srtillery battalion of 28th
Division knocked out (50 dead, 130 incapaci-
tated).

Sumwmary  Apnroximately 750 killed and 1,580 incapacitated. Serionus damage to both artillary and infantry. OTensive
actinn of the Regiment is stonred.
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) Wise XXXV

EFFECTS OF GERMAN USE OF ATOMIC BOMB AGAINST THE 69TH DIVISION, V CORPS, FIRST

ARMY, 1 MARCH 1945, 2000 HOURS

AIN-
EXAMPLE| ING TARGET ABSUMPTIONS SFFECTS
; POINT
X111 9 69th Div. 1. U.S!troonsinopen, German treop 1. Aprrox. 5 artillery bns. knocked out (about
dug tn. 1,200 dead, 1,600 incapar'tated).
2. Artillery men in open. 2. 6,000 front line treups out s avtioi: (2,000 dead,
3. All wen in ardinary uniform. 4,000 incapacivated).

4. German troops at least 2,000 yds.
from ground zero.
Summary: Approximately 3,200 killed and 5,600 incapacitated. Almost complete elimination of Niv. art, and front line
troops. Dav. offensive stopped.

XIv 9 69th Div. 1. U.8. troops dug in and German 1. Effects on artillery same as in Exumple XII1
troops dug in. (1,200 dead, 1,606 incapacitated).
2. Artillery in open. 2. 1,000 fror! iine troups out of action (400 dead,
3. All men in ordinary uiiform. 800 incapacitated).

4, German troops at least 2,000 yds.
from ground sero.
Summery: Approxmimately 1,600 dead and 2,200 incapacitated. Despite the lower losses in front line troops as comparad
with Example XIII, the elimination of the division artillery will remove the division from effective offensive

action.

Xvi 1 69th D.v. 1. U.B. troops dug in and German 1. About 2 bns, of the artillery within the 273rd
Artidlery troops dug in. Regt. area knocked out (approx. 400 dead

2. Artillery in open. and 60C incap.).
3. All men in spectal uniform. 2. About 2 bns. of the artillery within the 271st
and 4. German troope at least 1,650 yds. Regt. area knocked out (approx. 4G3 dead

from ground zero. and 600 incap.).

5 69th Div. Same assumption as in Aiming Pt. 3 No front line troops affected.
Artillery 1 above.

Summary: Approximately 860 dead and 1,200 incapacitared. The two bombs will definitely knock oui the division
offensive. One of these bombs may prove sufficient to knock ozt the division’s offensive since it will neutralize
one-third of the division’s artillery.

Xvi 4  69th Div. 1 U.B. troops in open. German 1. About 500 fron¢ line troops dosd and 1,000 in-
Front troops dug in. capasitated in 273rd Regt.
L i n ¢ 2. Artillery in open. 2. About 400 front line troops dead and 800 in-
Troops 3. All men in speciol untform. capacitated.
and 4. Genzan troops at lcast 1,850 yds.
from ground gero.
8 Same assumnptions as in Aiming

Point 4 above
Summary: Approximately 900 killed and 1,%2% sncapecitsted.  This would stop the offensive of the Divislon,

rrﬁ
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cember 1944, 28 January 1945-2¢4 Marcr 1945, 19 April 1945-8 May 1945, I Army: 2-4 Corns (Av. 3). 8-16
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Appendix 8

CONCLUSIONS

One atomic bomb properly placed can effec-
tively ximock oul large amounts of the artil-
lery personnel in the regimental areas and
many front line troops, eliminating *he offen-
sive action of the regiment.

One bomb properly placed can remove a
sufficient number of artillery and f{ront line
personnel of a division in ordinary clothing
from action to effectively destroy the offensive
power of the division. If the men ar~ in spe-
cial uniform and dug in, it will probably take
about 2 bombs to achieve the same result.

’ b
) Y. e

3. r.‘**{»’nii“s
e} . . .
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e

Against a corps holding a front line of aver-
age length, 1 bomb per division wili be required
to eliminate the offensive power of the corps
if the men are in ordinary clothing and 2
bombs per division if they are wearing special
clothing.

The number of borabs requi-ed to destroy
the offensive power of an army depends on the
extent of frontage, the clothing worn by the
men and whether or not they were dug in.
Less than a dozen bombs would have destroyed
the usefulness of the First Army on 1 March
1945.
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Appendix B

A COMPARATIVE STUDY OF THE CASUALTIES FROM A 20 KT AIR BRURST
OF AN ATOMIC BOMB OVER US AND USSR TRCOPS DEPLOYED
FOR ASSAULT ACCORDING TO STANDARD OI'-
ERATING PROCEDURE

PRQOBLEM

To estimate casualties to US and USSR
infaniry divisions deployed for assault accord-
ing to standard operating procedure, from an
air bus 3t of a 20 KT atomic bomb.

FACTS

Standard operating procedures for the de-
ployment of infantry in assault are available
for both US and USSR armies. Defensive de-
ployment is not considered in this study.

Estimates of casualty probabilities as func-
tions of distance from ground zero for a 20 KT
bomb exploded at a height of 600 yards are
available from Annex 1 of this appendix.
DISCUSSION

The deployments assumed are shown in Fig-
ures 32 and 33. The terrain is assumed to be
level and without natural shelter.

he T/0 for US infantry is taken from FM
30-10 and the depths and frontages are based
upon conversations with Col W. E. Waters,
GSC (FA), and Colonels Tipton and Ondrick,
C&GSC. Ft. Leavenworth, Kansas.

The T/0 for Soviet infauntry is taken from
Department of the Army Pamphlet 30-2
(1949), and the depths and {rontages are
taken from unp..olished studies of captured
German documents.

The various coraponents which have been
put in the areas in Figures 32 and 33 may noi
produce & :exfistic situation. It will be no-
ticed in Table XXXV, for example, that the
total number of men invoived in the US situ-
ation is 17,113 per divisional sector, as com-
pared with about 25,000 per Soviei aivisicnal
sector. Tnis disparity may be correct in the
areas of cffensive deploymeni considersd.
However, it ic felt that the disparity is
probabiy not literslly correct, being the
result of inaccurtcies in information as
well as misjudgment &< assumed deployrent.

S

Tables XXXVI and XXXVII show the
numerical detail of the studies on the two de-
ployments. In each case casualties were
counted unit by unit in each cdeployment area.
In each table the left hand column identifies
units shown in the figures by a serial number
which has nc other signifirance, Units shown
in parentheses are actual, indicated units in
the figures, used to describe identical units
in that portion of the figures not containing
the designations.

In each case the point of burst was chosen
to inflict severe personnel casualties, without
considering other factors which might have
influenced a different choice. Effects on
equipment and inateriel are not considered.
The method of choosing the point of burst did
not. involve a rigorous analysis, and it may be
that a different choic® would have led to the
computation of slightly more casualties. In
each case, after the height of burst had been
chosen, it was verified that friendly troops
would not have been within the maximum
radius of damage for personnel in fox holes.

It is assumed that the bomb burst immedi-
ately after the lifting of the final artillery bar-
rage just prior to the attack. The columns
headed “N(Present)” and “N(Exposed)” in
Tables XXXVI and XXX VII give the number
of troops assumed to be present in each unit
and the number exposed in the open at the
time of the burst.

In this study, X is interpreted a- -’:e prob-
ability that 2 man in the open at the corre-
sponding distance from ground zero will suffer
injuries causing his death within haif an heur.
In the same way, Z 1. irerpretec ere as the
probabi’iiy that a man cavght in i.c open
within the corresponding distance from
ground zero will require hospitalization if he
does not di- within haif an hour. Average
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Arnzendix B

al:
ad-
ad:
b

b10.
bi2:
b17:

c9:

cll:

dx

e20:

£22.
g21.
h25:
126

Dwision A
Divisional Remnforced Co:
Mivisiongl Reinforced Co~
Divisiouasi Reinforced Co:
Divisionu! Reinforced Co:
Divisional Rewnforced Co:
Divisionu! Reinforced Co:
Divisional Reinforced Co:
Divisional Reinforced Co:
Divisional Reinforced Co:

320, #2
320, #3
320, #4
370

370, #10
570, #12
370, #17

Divisional Engineers Co: 243
Divisional Engineers Co: 243, #0
Divisional Engineers Co: 243, #11

Divisional Reconnaissance

Divisional Tank Battalion: 700, #20

Regimental HQ: 50
Regimental HQ: 50, #22

Divisional & Corps Artillery: 5,800, #21

Co: 170

Dhvisional MP Co: 187, #25

Divisional Quartermaster & Ordnance Reparir+ 630,

#26

Division
Divisional Reinforced Co
Divisional Reinforced Co:
Divisional Reinforced Co:
Divisional Remnforced Co:
Divisional Reimnforced Co:
Divisional Reinferced Co

+ Divisional Reinforced Co:
» Divisional Reinforced Co:
+ Divisional Reinforced Co:

Duivisional Dagineers Co

Divisiona! Tank Battalion
Regimental HQ: 50

: Regimental HQ: 50, #23
+ Divisional and Cerps Artillery: 5, 800, #24

Divisiousl MP Co: 167

Divisional Quartermaster & Ordnance Repair: 630
:» Divisional Reserve Reginent: 3,771, #28

+ Divisional Reserve Regiment: 3,774, #27

B

320, #5
320, #6
320, #7
320, #8

370, #14
370, #16
370, #19

+ Divisional Engineers Co: 243, #13
« Divisional Engineers Co: 243, #15
: Divisional Reconnaissance Co: 170, #18
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Appendix B

al
34
a3
a3
h2s¢
b24
€22
€25
423
d26.
51:
852
h53
54
i69:
k73
k74.
183
183
093
po4-
ad3

§97
1117,
ulls
v1l9

a5
a°.
87

a9
al)
b27

(38
o3l.
c34.
d2a
a32.
d35
ed5
156
g57
h58
1.9,
170
k75
k76
k77
185
I8¢
167
m98
n99.
o100
plol
q'n?
Ti03
4104
wizi
x120

22128

Q2

KEY TO FIGURE 33

Denision A
Kegunenal Battatio:  §55, #1
Reaitnental Bactahon 553, #2
Regimerntal Eattahon 553, #3
Rewime oal Battabo 555, #4
Rezumental AA 60, 220
Regrmenta: AL 60, #24
Regmmental Fugineess ar d Others 275, 222
Koegimental Fogeers and Otners 275, $25
Itegunenta! Artillery 165, 223
Regimental Artillery 165, #26
Divisionai Artdlery Brigade 900, #51
Divisiona! Armor 700, #52
Divimonal Reconnaisdance Battahion 500, £53
Corps Engineers Battalion: 500, #54
Oue-half Corps AA Reyiment 900, #69
Regimental Battahon: §55, #73
Regimental Battalion: 555, #74
Regimental HQ 100, #83
Regimerntal HG .00, #84
Divisional Trausport: 20C, 393
Divisional HQ: 250, #94
Divionst QM 100, #85
Divisiona Ordngnce Reparr 100, #0€
Divisional Signal Battshon 500, #97
Corps Service Regiment 2, 000, 117
Corps Enginecrs Battalion Reserve 500, #118
Corps AA Regiment Reserve: 900, #119
Dinsion B
Regimental Battalion 555 #5
Regimental Battalion: 555, #3
Reg:mental Battalion 555, #7
Regimental Battalion 555, #8
Recmmental Battahon- 535, #9
Repimental Battalion 555, #10
Regamentel AA €9, #27
Regiments! AA, 60, #30
Repimental A4 60, #33
Regimental Eugineers and Others 275, #28
Regancnial Engnoers and Others: 275, #31
Regimental Engineers and Others. 275, #34
Regimental Artillery 165, #29
Regimental Artiilery 165, #32
Regimental Artiilery. 165, #35
Corps Artillery Brigade 1, 800, #55
Divisong! Artiiery Brgade 1, 500, #56
Diuswoisa! Anor: 706, #57
Divisional Reconnatssance Battalion 500, £58
Corps Fagincers Basted op 500, #5)
Corps . . Llegiment' 900, #70
Reganienial Battahon 555, #75
Regunentau batishon 555, #76
Regrmwental Battalion 555, #77
Reguimontal H 100, 385
* -mental G 100, #86
Regunentat HQ 100, #87
Diusional Medics! Bs’ zahon- 500, #98
Divisional Chemucal Company - 100, #99
D1 1monal Transport. 200, #100
ivsional HQ 250, #101
Duusional QM 100, #102
Div.sior 28 Ordnance Repair 109, £103
Divisonst Signa! Ibattaiion 500, #10¢
Corps Artillery Resenve 1 200, #121

Mechaazod Rifle Divicon an Rueserve 11,060,

20
Afmv Sorvee Regunens 2,009, #i28
Aty A Center Line
Corpe Siyawl Badtahion 509, #122

4422

z129

all
al2
atld
al4.
als.
aid.
b36
h3?2-
b12:
<37,
(310
c43.
438
441,
d44
60
f61.
£62
hé3
164,
)71
k78.
K79
k80
188
189:

m105
0106,
0107
p108.
ql09:
r110-
slti
ti24-
ul25
vi26

¥yy130

al?
alg
219
220
bid:
b48
c46.
ci9
d¢7

¢65.
{06
267
hb8,
172
[3:3]
K82
HUR
192
"9
uii3
oll:
pils
glit
wi27

Corpe HQ- 200, #123
Army Suznal Battalion 500, #1268

D..isiton C

Repimental Battalion 553, #11
Regimeatal Battahion 535 #i2
Reqimental Battahiwon 555, #13
Regmumental Batiahion 555, #14
Reyg:niental Pattahon: 555, #15
Kegmumentai Battahion 553, 1%
Regimental AA: 60, #36
Regimantal AA® €0, #39
Regimental AA. 0, $42
Regimental Envwicers aad Gthers 275, #37
Regimental Engincers and Others, 275, #10
Pegimcental nmncers and Others' 275 #43
Regaimenta!l Attiliery 165, #38
Regimental Arndiery: 385, #41
Regimental Artitlery 165, #44
Corps Artillery Brgade: 1,800, #30
Divicional Artiliery Bngade: 1,8C2, 361
Divisional Armor. 700, #62
Divisanal Reconnacsance Battalion 500, #63
Corps Engineers Battahon. 500, #64
Corps AA Regunent. 900, #71
Reguvental Batwalhion 505, #78
Regimental Battalor: 555, #79
Regimental Battabon® 555, #80
Regimental HQ: 100, #88
Regunental HQ* 100, #89
Regimental HQ: 100, #00
Divisional Medical Battalion: 500, #105
Drviaicaal Chiemica) Company: 100, #10b
ivisional Transport: 200, #107
Lavisional HQ- 250, #108
Divisional QM: 100, #1709
Divisional Ordnance Repawr: 100, #110
Divisional Signal Battation 300, #111
Corps Service Regiment. 2,000, #123
Cerps Engineers Bateali n Reserve: 500, #125
Corps AA Regiment Kes tve: 900, #126
B B Line

s

Mechamized Rifie Divimon 1. Reserve 11,000,

#130
Dirision D

Regimenta! Battalion- 555, #17
Regimental Battalion 555, #18
Repumnental Battahon® 555, #19
Regumental Bautahon: 555, #20
Regimental AA. 60, 7:0

Rgimental AA: 60, #48

Regiments! Engincers and Others: 275, #46
Regimental Engineers = & Ol 275, #12
Regimental Artiliery: 165, $#47

Regimental Artillery. 165, #50

Corps Artllc , Brigade. 1,800, #65
Mavisional Artitiers Brigsde 1,800, #66
Uiy nional Armor. 700, #67

Ihugeonai Reconnassance Battaion 500, #6R
Corps AA Regiment 900, 22

Regimautal Battalhion 35, #31

Reg.meital Battaien 555, 182

Hegrmental HQ 100, #91

Regumental HQ- 100, #62

Drvannet Medieal Ba: o1 80, -2

In s Llien ool Compaay  10), #113
1)... mai Transport 200, #1114

Dasaonal HQ- 250, €115

Divieonal QM- 100, #1116

Corp Artutiery Reserve 1,200, #127
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values of X and Z appropriate to the unit
designated Wy the serial nutiber. in the ieft
hand columns of Tables XXXVI and XXXVII
form the third and fourth columns of these
tables, respectively.

The number of men kitled i1 any given unit
is simply NX, anc¢ the nwnber hospitalized is
NZ(i-X). Both of these quantities are tabu-
lated and summed in Tables XXXVI and
XXXVII. Theresult of one air harst over this
deployment is 10,321 killed and 4,285 hosri-
talized for the US forces, and 16,572 killed
and 6,157 hospitalized for the USSR forces.
It should be noted that casualties are among
several divisions, nlus attachments.

To show how, in this hypothetical exampile,
casualties would be divided between adjacent
divisicnal areas of responsibility, these areas
have been definitely laid out. In Figure 32
the rectangular area whose corners are de-
noted by A, A', B, and B!, will be referred to
as divisional area A; the correspending rec-
tanguler area whose corners are denoted B,
B!, C, and C?, will be referred to as divisional
area B. In Figure 33 the incomplete rec-
tangle lying to the left of the line C-C' will
be denoted divisionial area A, the rectangle
whose corners are denoted by C, C!, A, and A},
wiil be denoted divisional area B, the rectangle
whose corners are dencted by A, A!, B, and B,
will be denoted divisionsl area C, and the in-
complete rectangle lying to the iight of line
B-B! will be referrcd to as divisional area D.
In laying out these subdivisions of Figures 32
and 33 it is not intended to imply either that
ail personrel of the divicivn sre within the
area at the time of the burst or that only
division personnel are there. A line drawn on
a map between 2 divisions may have no more
thar a<ministrative significance. In the ta-
bles estimates of strengths and casualties have
been included for thuse portions of the ivi-
sional areas not shown in the figures. Thus
the numbers quoted throtighout are for com-
Dlete divisional areas. The sections r ~t shown
have been idertified in the US taouiation

{Table XXXVI} by letters and in the USSR

—am v ay
tabulation (Table XXXVII) by parentheses.
ing use of the subdivisions defined pre-
viously, Table XXX VIII has been constructed.
The nercentages knied. hospitalized, and effec-
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tive in armor, artillery, and other personnei
in each divisional area are assembled in Table
XXXIX. All casualties are assumed to be
maximum. Effects on equipment and ma-
teriei will be the subject of further studies.

Of the men not killed nr wounded, almost
all within 5,000 yards of g “sund 7¢ro and many
within 10,000 yards would be ieft somewhat
dazed by the blast, and many would be tem-
porarily blind for periods ranging from min-
utes to hours

Under the particular set of assumptions
made here, there would be no delayed
deaths—thav is, no one caught in the open
and vot in need of immediate hospitalization
would later die of gamma ray effects. Thus
under the conditions assumed, it would be
definitely advantageous for troops to wear dog
tags which would indicate the degree to which
they had been exposed to gamma rays. All
ihose not hospitaiized would be thus relieved
of fear that they had been fatally irradiated.

If the particular conditions sssumed here
obtained over an entire army front, and if the
defenders could explode atomic bombs at
accurately preselected locations, a density of
1 bomb per 8,000 yards of frontage would com-
pletely break 1p any attack. This is 0.6
bombs per civision of US troops, or 0.4 bombs
per division of USSR troops.

In considering the results of this study, the
highly specialized character of the assump-
tions used shouid be constantiy kept in mind.
TLe timing assumed is probably much more
nearly optimum tnan can be anticipated from
presently contemplated means of delivery. In
short, the situation assumed is ideal from the
point of view cf ifc user of the bomb, and the
resuits probably represent maximum casual-
iies which can be inflicted on infantry in the
field by a single 26 KT bomb.

It shouid be further kept ir rind that uni-
forms specially designed to reduce the number
of burns from the bomb flash are possible and
very likely to be effective. The use of such
uniforms has nnt been :scomed here. Had
this assianption be. .. made. tne computed cos-
uaities would have been much Jower. Also, it
has been calculated that fox holes offer very
good protection from atomic bomb effects at
distancs. greater than 800 yards from ground

-




Appendix B

Use mma :

Taztz XXXVI
CASUALTIES AMONG US TROOPS

SECTION oty ABEA! X ' x) {ox £ ‘. Nx Pz (1x) NX I~z (1-x)
_ [ ! PRESENT EXPOSED | %, DEATi! | % HosP. | NO. DEATHS | NO, HOSP DEATHS | NO. 10SP.
1 A 320 320 95 100 304 16 301 6
2 A 320 220 89 100 285 a5 285 35
3 A 320 320 70 170 221 96 291 a6
4 A 320 320 28 3 90 179 AT 179
5 B 32 320 10 30 32 93 50 93
6 B 320 320 03 13 10 i0 10 10
7 B 320 320 0t 03 3 13 3 10
8 15 320 160 00 00 0 0 0 9
9 A 243 243 99 100 241 2 241 2
10 A 370 0 98 100 362 8 362 S
1 A 243 243 85 100 206 37 206 37
12 A 370 370 50 98 185 108 185 168
13 B 243 213 11 37 34 77 34 o
14 B 370 370 05 18 19 63 19 63
15 B 243 243 02 06 3 14 5 1t
16 R 370 260 m 1 3 2 2 3
17 A Q79 370 th} 100 352 185 352 185
1R B 17 170 06 24 30 34 10 33
19 B 370 370 02 06 7 22 7 22
20 A 700 9 00 00 0 0 i) I\
21 A 5,800 5,200 ga 100 1,760 1.040 £,700 1.010
22 A 50 25 70 100 20 5 a9 5
23 B 50 25 i4 37 4 8 1 s
24 B 5,500 2,650 03 13 50 334 &0 434
25 - A 187 90 50 160 5 45 15 15
26 A 630 400 21 52 84 104 31 164
27 A 3,774 1,000 3 i1 30 ir 30 107
28 B 3,774 1,000 00 00 9 9 Q o
®) A 320 320 95 100 304 6 304 18
) A 320 320 39 160 28 35 285 35
®) A 32 320 70 100 294 25 221 9%
{5) A 320 320 28 78 90 179 a6 179
(16) A 570 370 99 ) 366 ' 366 1
(15) A 213 243 08 109 238 5 238 5
s A 370 370 85 100 314 56 311 £5
(13) A 243 243 50 98 122 97 122 a7
ao A 370 370 99 100 366 4 366 3
(18) A 170 170 ) 100 352 185 352 185
() A 50 25 79 130 20 5 20 5
(633 B 320 6 00 o0 ¢ 0 0 0
@ B 320 0 00 00 0 0 0 0
6 B 3x 0 o 00 0 0 9 0
{4 B 320 G 00 00 0 0 0 0
im B 243 5 Q0 00 0 ¢ i) 0
(1o B 370 0 00 on v 0 f 0
ay B b 9 0 00 G v a 9
{12). B 370 0 00 o 9 0 0 I
a7 B 370 Q 00 60 0 0 0 0
@0 B 700 0 00 60 ) 0 0 0
(225 B 1y 23 (] el 0 Y O 0
(25) B 187 9C [t it U 0 0 0
(26) B 536 443 w o0 o 0 9 0
(# C 320 3z 19 50 32 e 32 93
& C 320 323 03 2 10 35 10 10
@) C 320 320 01 03 3 10 3 10
m ¢ 320 i 00 &0 0 0 0 0
(® c 320 a o) ) 0 0 9 0

S 157 157
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er,
“Tasie XXXVI (Continued)

SECTION imv AREA (x | ) A Nx ¥ O NX Nz (1-x)

! PRESENT | EXPOSED | % DEATH]| ¥ HOSP | NO. DEATHS NO B, | vo pEATHS NO. HOSP.
Q) c 320 0 00 00 0 0 0
(8) c 320 0o 00 a0 0 0 0
(5) C 320 0 00 00 0 0 0
(12) c 70 370 14 37 52 ! 52 18
an C 243 213 0z 18 12 12 2
(19) c 370 370 Y 06 7 7 25
9) C 243 170 01 01 2 2 9
(16) c 370 0 00 00 0 0 0
(15) C 243 ¢ (i3] 00 0 ¢ 0
(14 c 370 0 06 06 0 0 0
a3 . C 243 0 00 1}] V] 0 0
an.. o 370 370 o6 21 22 22 73
(19) . c 370 0 00 o0 0 0 0
(18) c 170 0 00 00 0 o 0
(20) c 700 0 00 a0 0 0 0
22) c 50 25 13 37 4 4 p
(25) c 187 90 o6 21 5 5 18
{26) c 630 400 04 15 18 18 50
1) c 5,800 2, 650 03 13 80 3 80 334
(23) c 50 25 06 00 0 0 o
27 . (o} 3,774 1, 000 00 00 0 S 0 9
Total . . . 51, 339 27, 081 10, 321 4,2 To. 321 1,985

TasLe XXXVIX
CASUALTIES AMONG USSR TROOPS

SECTION DIV AKEA l (=) ' ™ * 2 x vz { NX Ne (1-x)

| PRESENT i EXPUSED % DEATH | ¥ HOSP. NO. DEATHB NO. }p NO. D5 THS NO. WGSP.
1. . A 855 0 00 00 0 0 0
1A.. A 555 (4] 00 00 0 o 0
1B A 555 0 00 00 0 0 o
2... A 555 ¢ 00 20 0 0 (
3. A 555 0 ) 00 0 0 "
4. A 555 555 00 01 0 o o
5.. B 555 555 02 07 1 1 as
6. . B 555 555 05 18 28 28 95
7.. B 555 555 18 43 00 1 150 196
8. B 555 555 85 100 326 P 326 299
9. B 555 558 93 100 515 515 10
10. i 555 555 100 100 555 ‘ 555 0
. ¢ 555 556 100 100 555 ‘ 555 o
12. . C 555 558 160 100 555 ) 535 0
3. [ O] 558 KA 100 100 555 \ 555 0
14. c 556 555 100 100 555 . 555 0
18 C 555 555 100 100 555 y 555 0
1 c 555 555 93 100 515 ) 55 40
H D 855 %) 60 100 333 " 332 299
18 D 533 355 i8 43 100 ; 100 196
19 D 555 535 9% 20 33 ) 33 104
20.. D 338 555 03 08 17 2 17 92
20A. D 555 555 01 02 6 ) 6 1
20H. . .. D 335 0 oe ) 0 ) 0 0
21 A 80 A 65 00 0 ) 0 0
214 A 165 8 w 90 o ) o 0
21B A P} 0 1] ¢0 v ) 0 0
2i¢ A 80 ! 00 00 [}] ) 0 e
22 A 275 3 00 00 G ) 0 0
132 A 65 0 Al 09 9 ) o 0
24 A i) 0 00 o 0 ) 0 ¢
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Appendix B

TasLe XXXVII (Continued)
e

SZCTION ;b!‘.' LRI ) ) = | £ NxX ns (1-x)
H PREGENT SXFGIED 9% oeatu| 9 HOSP. | NO. DEATHS NO, HOBP,
25 A 275 140 0¢ o0 0 0
26. A 165 1685 01 03 2 5
2. . B ] ' en 02 06 1 4
23.. B 276 275 03 08 8 21
20 . B g 165 07 24 12 3
30.. ..... B 60 60 15 30 9 20
q1.. B 275 275 35 80 5 159
§Z........ ... B 185 165 70 100 116 50
33.. B 60 80 91 %0 54 (]
%4, B 275 2756 89 100 244 31
3........ ... B 185 165 100 100 1685 0
36.. C 0 60 100 100 89 0
37.. o} 215 275 1 100 215 (]
38.. c 165 166 100 160 1685 0
3. ... C 80 B 100 100 60 [
0. ... C 275 275 1 100 276 0
4).. [o} 165 1656 100 100 165 i}
42.. C 50 60 100 100 60 0
43. .. C 2758 %75 09 100 272 3
44, | C 165 185 93 100 153 12
45....... D 60 60 7¢ 100 42 18
46.. D 275 275 35 89 96 159
47. . D H 185 18 43 30 58
AB... ..., D i) 30 07 24 4 13
49.. D 275 275 04 14 11 87
50........ D 165 185 02 Q7 3 1
50A. D 60 60 04 03 1 2
50B D 275 215 00 00 0 ¢
50C. D 185 0 00 00 0 0
El.... A 1, 800 0 G0 L] 1] 0
AlA..... A 1, 800 0 00 00 0 0
52.. A 700 0 00 00 1] ]
53.. A 500 u LY 00 ] 0
54 A 500 0 00 1] 0 9
55. B 1,800 1, 500 03 e 54 167
586.. B 1, 809 1, 800 10 29 180 476
57.. B 700 0 00 00 ¢ 0
58... ....nnn B 560 500 89 100 348 i85
30. B 500 500 91 100 455 48
60.. C 1,200 1. 400 100 100 i, 800 0
81.. C 1, 800 1, 200 100 100 1, 800 [
62.. C 700 0 00 00 0 0
63... C 500 500 100 100 500 0
64...... e} 500 500 100 100 500 (1]
65. . D 1, 800 1, 800 50 98 200 32
66... D 1, 800 i, 800 12 32 218 507
67 .. D 760 0 00 [oy] 0 0
68.. D 500 500 02 08 10 29
68A. D 500 500 01 08 & 15
104 B 500 250 00 28 2 rul
105. C 500 250 21 52 50 100
108 C 19 50 23 58 12 2?
107... C 200 100 23 58 2t 44
108... C 250 125 b3l 57 32 46
109.. .. ..... C 100 50 S 44 9 18
119.. ... . ... C 100 50 14 37 7 16
00 U C 500 260 10 29 3 72
112.. D 8500 280 03 1 8 <5
R 159




Analysis of Militory Assistance Program

1 (Conlinued)
SECTION | ov AREA ®) ®) x * rX N2 lx)
| PRESENT exposme | % pEaT | % mose. | No. DEATHS | No. HosP.
ii3 D 100 50 02 06 1 3
114, D 200 100 01 03 1 2
115.. D 250 125 01 01 1 1
116.... ..... D 100 0 o 00 0 0
116A ... ... D 100 0 00 00 0 Q
116B .. ....... D 500 0 00 00 0 0
117, ... A 2, 000 0 [1.+] 00 0 0
1I7A . ... A 3, 700 0 00 00 0 1]
18 ..., ....... A 500 0 00 00 0 (1]
112, A 000 0 00 00 0 0
120, .. .. ... B 11, 000 3, 000 01 02 30 80
121.. . ..., B 1, 200 800 01 03 8 24
122.. ..., ..., B,C 500 260 06 «0 15 59
{B 250) (1:1)
(C 250)
123.. .... ..... B,C 200 100 02 07 2 7
(B 100) (1:1)
(C 100)
124 . C 2, 000 1, 006G 05 17 50 161
125.. ....... C 500 250 03 08 8 20
126.. C 900 600 03 11 18 60
127.. ..... D 1, 200 300 01 [131 3 3
128 B 2, 000 100 00 00 0 0
129.. B,C 500 250 60 00 0 0
(B 250) 1
(C 250)
130.. C,D 11, 090 5, 000 02 06 100 30
(C 7, 300) 4:1)
(D 3, 700)
Total . ..... 97, 089 48, 055 16, 672 6, 157

TapLe XXXVIII
DEATHS AND INCAPACITATIONS AMONG US AND USSR TROOPS DEPLOYED FOR ASSBAULT
ACCORDING TO STANDARD OPERATING PROCEDURE

U8 30P

UssR 80P

Area A | AreaB | Area C

Area A | AreaB | AreaC | Area D

Armor

Artillery

Other . ...

Total . .. .....

Prescit

Ki* d.... .... ..
Hospitalized ... ...
Eftective ..... .

. Precent

Hospitalized .
Effective

Present

Hospitel»~!
Effective

706
0
0
0
700

5, 800
5, 800
4,760
1,040

0

10, 613
7,162
5, 109
1,729
8,775

17,113
8, 951
9, 869
2,769
4, 478

700
0
0
0
700

5, 800
2, 650
80
334
5, 386

10, 613
4,316
127

0 san
AUy asv

17,113
6, 966
207
697

16, 209

700

700
0
0
0
700

8,075
166

6, 668

15,070
695

15, 063
21, 845

11
%, %31

700
0
0
0
700

6, 375
5,975
670
978
4,727
22,470
10, 630
2, 847
1, 447
17,16
29, 545
16, 605
3, 517
2,425
23, 608

700

700
0
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TasLe XXXIX
CABUALTY RATIOS AMONG US AND USSR TROOPS DEPLOYED FOR ASSAULT ACCORDING 10
STANDARD OPERATING PROCEDURE

(See Fraunres 32 and 33)
RATIO DEFINITION US RATIO | USSR RaTio.
| IN PERCENT | IN PERCENY
1. T.C. Tota) UB ki'led svd hospitalized divided by total number US personnel 28 5
T.3 Div in divisional areas A, B, C.
2. 1.C. Same as 1 for USSR divisional areas A, B, C, D. 17.1
T.4 Div.
3. C. Div. Total killed and hosp:talized 1u division divided by total nnmber troops
T. Div. in divisional area:
a) Div.A...... e et e e 73.9 0. *
b) Div.B ... ....... ...l et eieieaa 5.3 20. 1
e Miv.C L. L e ceier e e 6.2 46. 5
d) Div. D, oo i i e e 238
4, T.I Div. Total killed and hospitalized among personnel in divisional area not in
T.1. Div. armor aud artillery, divided by total personaci in arza not in armor and
artillery:
a) Div. A . e e et teeeiaes i .. 64. 4 0.*
by Div.B . L o i e iieieaaen, 4.6 19. 1
e) Div.C .. .. o e eiiiees e e e 6.1 35.6
[ 3 I 01 2000 3 T 120
5. C.A. Div. Total killed and hospitalised among personnel in artillery within Qivi-
T.A. Div. sional area divided by total art,illery personuel in area:
8) Div. & . . . i e e e e 100.0 0°*
bv) Div.B . 71 25. 9
¢) Div.C . e e e e e 7.1 86.5
d) Div. Do, . et e e e e 47.5
* Approximately.

zere, Finally, one should remember that the
hypothetical weapons effects assumed here are
grossly approximate and that, within wide
limite, no one really knows what the effect of
atomic bombs on troops would be. This study
is merely an attempt to use the best available
information to estimaie the casualties to be
expected——othing mere.
CONCLUSIONS

The maxirium nurxber of US ground troops
deployed for assault according to Standard
Ojpt.cacuig Procedure that can be kiiled by the
explosion of a single 20 KT atomic bomb is
probably about 10,00 in the situation as-
sumed.

The maximum number 2f hospital cases
which can arise from the explosion of a singie
20 KT atomic bomb over US troops deploved
in the fleld is probably about 5,000 in the situ-
ation assumed.

The maximuom number of USSR infantry-
men Geployed n the field which can be killed

o

by the explosica of a single 20 KT aiomic
bomb is probably about 20,000 in the situation
assumed.

The maximum number of hospital csaszes
which can arise from the explosion of a 20 KT
atomic bomb over USSR troops deployed in
the field is probally about 10,000 in the situa-
tion assumed.

The largest fraction of the total personnel
becoming casualties from the explosion of a
single 20 KT atomic homb over US troops in
the field depioyed for assauit is about 30 per-
cent. For USSR troops the fraction is abowit
20 percent.

The largest fraction of divisinal personnel
bacoming casualties from the explosion of a
single 20 KT atomic bomb over US troops in
the field depicraa for ascanlt is about 75 per-

cent ia the divisi: over whose center the
bomb is burst. In 2 adjacen. divisions the
fraction of personnel becoming casualties is
about 5 percent. For USSR troops similariy
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deployed and for a burst over a point 500 yards
away from center of division, the fractions be-
come about 50 percent for that division and
ahout 20 percent for each of 2 adjacent divi-
sions.

The largest fraction of divisional personnel
not in armor or aruliery becoming casualties
from the explosion of a 20 KT atomic bomb
over US troops in the field deployed for assault
is about 60 percent in the division over whose
center the bomb is burci. In 2 adjacent divi-
sions this fraction hecomes about 5 percent.
For USSR troops similarly deployed and for a
burst over a point 600 yards away from center
of a division, the fracticns become about 37
percent for that division, about 2C percent in
1 adjacent division and about 15 percent in
another adjacent division,

The largest fraction of divisional artillery
personnel becoming casualties from the explo-
sion of a 20 KT atomic bomb over US troops in
the field deployed for assault is close to 100
percent in the division over whose center the
bomb is burst. In 2 adjacent divisions the
fraction becomes about 7 percent. For USSR
troops similarly deployed and for a burst over
a point 600 yards away from center of a divi-
sion, the fractions become about 90 percent for
that division, about 25 percent in one adjacent
division and about 50 percent in another adja-
cent division.

US ARMY IN ATTACK: OFFICIAL
DGCTRINE
Main attacks are characterized by narrow
zones of action, strong support of artillery,
arraor, and other supportii;y weapons, effec-
tive support of combat avietion, and deep
echelonment of reserves. An average front-
age for the division in attack may be 5.000
yards. Secondary attacks are usually as-
signed wider zenes of acticn than is the main
attack, witl. & consequent reduction in both
strergth and depth of reserves. To compen-
sate for this lack of reserves, strong fire sup-
port is essential.
The frontage assigned to any unit in an at-
tack varies with:
The mission, mobility, combat power ui
the unit;
The terrain;
Ava!iable fre support; and
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Expected hostile resistance.

Units are distributed in depth to provide
flexibility of maneuver, contiruiily in the at-
tavk, and security. For infantry units, depth
of formation for combat rather than & wide
extension of front is necessary in the initial
deployraent since the progress of battle will
call for meneuve.s that cannot be clearly fore-
seen. This condition can be met only by in-
itial distribution in depth.

US ARMY IN DEFENSE: OFFICIAL
DOCTRINE

The defense is built around a series of organ-
ized and occupied tactical localities. These
tactical localities are selected with considera-
tion for their observation and natural defen-
sive strength, so that their retention will
insure the integrity of the position. The bat-
tle position comprises a zone of resistance con-
sisting of a number of mutually supporting
defense arzas disposed irregularly in width and
depth, each organized for all-around defense
with trenches, fox holes, obstacles, and em-
placement. Tactical unity is maintained in
each defensive area.

A line joining the forward edge of the most
advanced organized defense areas is called the
main 1ize of resistance. It is a planning line
in fron. of which the field artiltery and other
supporting fires raust be able to concentrate.
The contour of the main line of resistance is
thus irregular in trace, with eleiaents on it
sited for frontal and flanking fire.

Divisional boundaries are extended to the
range of weapons supporting all divisional
units, including that of artillery attached to
or supporting any divisicnal units on general
outpesis.

The width of sectors assigned te infantry
units varies with the natural defensive
strength of the various parts of tha2 position;
the relative import:. -2 of the sectors; the
degree of coutrol required; the number,
strength, and weapons of units availabie; and
the estimate of enemy capabilities. The
neces: iy for comv' ! and the character of

fields of fre ad ct vre intervals which nay e

be permitted between tactical localities.
Some variation in the width of sector may
arise from the necessity of sdjusting them to
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Appendix 8

fix responsibility for defense of critical ter-
rain. Econcmy of force is obtained by assign-
ing units in inverse proportion to the natural
and artificial strength of the terrain. A divi-
sion may thus cover a frontage of about 10,000
yards The extension of boundaries to the
rear is influenced by the exisving road met
and by the routes for movement within the
position,

US FIELEC ARTILLERY DEPLOYMENT

The echelonment in depth of the fleld artil-
lery takes into consideration the range of the
various weapons, the location of the targets,
and the possibilities of neutralization by hos-

tile counterbattery fire. The echelo fire. The e
limited by the considerations that thesiderations th
the artillery must be able to concentgt be able to o
fire in rlose support of the main linq,ort of the ma
ance, that the foremost echelon can fiyemost echelon
in the hosilie zone, and that the rearnye and that the
suppere the rear defeuse areas of tl9 defense areas
position. The bulk of the light field &k of the light
should be able to fire throughout th§ fire through

battle position.

The depth of deployment of the adeployment of
may be 3,000 yards on the offense; 4,00is on the offeas
in the defense—reckoned froin the fireckoned from
grid line.
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ATOMIC WEAPONS IN ARMY OPERATiIONS

SUMMARY

PROBLEM

This paper explores the problem of ‘he em-
y«oyment of atomic weapons in ground opera-
tions. Preliminary determinations are sought
relating to:

Decisions which should be made now with
respect to atomic weapons requirements, and

A qualitative doctrine for atomic weapons
analysis, for guidance in continued work.

FACTS AND ASSUMPTIONS

Thirteen atomic weapons are assumed to be
possible for development within the next 10
years, including bombs, artillery shells, guided
missiles, and the superbomb, mest of which
are not yet developed. Seven possibilities for
delivering atomic weapons are listed.

From apparently feasible combinations ot
the weapons and means of delivery, 15 atomic
weapons systems are listed.

Individual targets to the number of 54 are
listed as naving some importance in army
operations.

In addition to individual targets, some com-
posite targets are considered. It is assumed
the ground operation s represented by:
forces—infantry, artillery, armor, tactical air-
and logistics—tr-nsportaticn, sterage.

In listing the various atomic weapons,
methods of delivery, and atomic weapons sys-
tems, the pertinent characteristics of each are
given an .. .. ssible time schedule for develop-
ment is forecast for the dates 1950, 1951, 1952,
1955, and 1955-1960.

Eievein fachors of importance in determining
the military worth of a target for atomic
weapons are listed and discussed.

Two principles are stated: one refers to the
desirability ol studying only planned targets
and of not studying targets of opportunity as
such in this paper; the other is 2 principle
~f dispersal wherein benefit from dispersal is
offset by loss in effectiveness.

The necessary mathemstical techniques are
discussed on the basis of which continued
work may be able to quantify parts of the work
which herein are handled qualitatively for the
most part.

A list of 54 targets is assessed, giving a letter
of merit (e, ¢, f, p, n, and u in decreasing order
of worth) to rach target for each type of burst
including air, ground, underground, under-
ground with a base surge, underwater, as well
as for radlological effects.

The assessment was first made regarding
only itz kind of targst and the dJamage which
could be done. Following this an assessment
of the importance of the target, as well as of
some of the rest of tiie Iactors already referred
to was made. Finally, a single letter of merit
was assigned to each target representing the
over-all military worth of attacking the target.

A qualitative descriotive summary is given
of the composite targets listed.

Regarding both the military worth of in-
dividual targets and the composite targets, the
suitability of the various kinds of bursts and
of radiological warfare is examined.

The problem of accuracy of delivery is re-
lated to the various significant parameters
such as target size, damage radius, and prob-
ability for a given percentage coverage.

A synthesis of the various considerations is
finally achieved which allows a selection of
those atomic weapons needed for ground oper-
atinng,

The work represented in this paye: s quall-
tative and, hence, subject to revision as meth-
o0d: which are more analytic in nature are ap-
plied. Nevertheless, scveral conclusions can
be stated and the necessiiv for cowinued work
can be Jefined.

Appropriate mathematical formuiation can
and should be developed for the sp~cial prob-
lems imposes Wy the use of atomic weapons.
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No adequate solution to the general prob-
lems ctudied hevre can be obtained without a
very careful and detalled analysis of com-
plete tactical situations wherein ail the com-
ponents of means availcole and oppoged are
represented in sufficient detail to aliow all the
damage of various kinds tc be integrated.

CONCLUSIONS

Artillery, infantry, and tactical air are suit-
able targets for atomic weapons, in tnat order
oi suitability. Armor (manned tanks) may
be inciuded as a result of current studies.

Logistical targets are not suitable targets
lor plunned attacks with atomic weapons.
Ports may be an exception.

The air burst atomic bomb iz an excellent
weapon for many types of targets of impor-
tance in ground operations.

There are, however, several important tar-
gets for which an air burst is not suitable.
Some require a ground or underground ex-
plosion.

Underground or underwater bursts are im-
portant. The actual effect of the former is
not now known, but if predictions are correct
the underground burst may be better than the
air burst for many targets.

A guided missile giving much greater ac-
vuracy than that of present radar bombing
would cause greater damage to many types of
targets, but not to all,

Use Milltary
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A field artillery shell of 1 KT energy is not
as good a wespon as & 23 K1 bomb, as con-
cluded fromu: aceuracy and damage considera-
tions, and aside from considerations of
weather and deliverability in general.

An 8¢ KT bomb is much preferred tc a 20
KT bomb for various fargets

The effect of superbombsg on ground opera-
tions is problematical, though potentially the
resultant destruction is so great that its use
wouid revolutionize ground operations.

RECOMMENDATIONS

The effect of an undergroviidé explosion
should be determined without deluy.

An stomic warhead oi:3 an appropriate vehi-
cle such as Hermes A-1 or Corporal i should
be developed for use, if possible, within a year.

An atomic warhead for an artillery shell is
prebably a very good interim weapon for use
in ground operations and should be developed
without delay.

A superbomb should be developed without
delay, but work upon such a new development
should not interrupt nor interfere with the
continued development of fission type atomic
weapons.

Use of large quantities of atomic weapons
in all large scale ground operations should
be planned.

——-—
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ATOMIC WEAPONS IN ARMY OPERATIONS

INTRODUCTION

Much has already been written on the sub-
ject of tactical employment of atomic weapons.
Early in 1949 a paper entitled, Tactical Em-
bloyment of the Atomic Bomb, was written in
the Army Field Forces in which, among other
things, it was emphasized that in World War
II several concentrations of military personnel
offered good targets for atomic bombs. A
short time later WSEG {(Weapons Systems
Evaluation Group) Staff Study 1 entitled, 4
Study on Tactical Use of the Atomic Bomb,
pointed cut other suitable situations in World
War II in which the atomic bomb could have
been used, such as concentrations of ships,
landing craft, aircraft, and supblies, and em-
phasized the mecessity for re-examination of
many factical situations {or possible employ-
ment of the atomic bomb.

At approximately the same time, Sandia
Base of the AFSWP (Armed Forces Special
Weapons Project) submitted SB/15-TS-1615
entitled, Employment of Atomic Weapons
Against Various Types of Targets. In this re-
port an extensive analysis of atomic weapons
effects is given, as well as a rather thorough
tnoughi qualitetive analysis of effectiveness
agains: many particular targets. Also, in the
same report there is presented a quelitaive
analysis of the .flfect on varlous Xkinds of tac-
tical situations such as troops in the open and
under cover, rapid breakthrough, river cross-
ings, air formstions, air bases, naval targets,
amphibious forces, and airborne assembly
areas. Currently in proc-ss is an analysis in
the Air Intelligence Division, USAF, entitled,
Tactical Targets Suitable for Attack with Air-
Burst Atomic Bombs. This study will essess
the damage which can be done to various
types of tactical targets. This iatter anslysic
js understoo¢ to include only targets which
would be in rather permanent physical being
ir. contrast to the targets presented by maneu-
vering soldiers and cgipment.

o=

The purpose in the presen. study is to take
account of the information already available
and then to explore the possibilities for more
quantitative analysis. It is proposed to set up
techniques for analysis, giving som= evidence
of the value of the techniques and to indicate
the scope of the work which still remains to
be done.

It is preferred in this study to discuss in
general the use of atnmic weapons in ail
ground operations. This subject thus differs
from what is ordinarily indicated by the topic
“tactical employment.” There are two ma-
jor questions of current imporiance:

1. How many atomic bombs should be used
in support of ground operations in contrast
with those used for “strategic” bombing?

2. What new atomic weapons should be

developed?
These twe questions which have separate sig-
nificance can be restated in terms of a general
requirement for grot nd sperations as: On {l.e
basis of their necessity, suitability, and eflec-
ti-eness, what family of atomic weapors
st.ould be developed for ground operations?
In zonsidering this question, the atomic bomb
in its present form should be weighed heavily
because it is the only weapon in being. How-
ever, it is judged that the most suitable analy-
sis for guidance in weapons development is one
which impartially regards what is possible
and necessary to baiia ivr (e fuliive in addi-
tion to that which is now available. Accord-
ingly, the present study will consider all pos-
sible atomic weapons, and will attempt to fore-
cast the atomic weapons system. - iich are
possible of deveiopment by 1950, 1851, 1952,
1955, and 1855-1960.

Of those atomic weapons which might be
davelgped, & selectioe Mugn be Zadc on the
basis -{ atility. This i ~ prodiz .ug task.
Even though the atomic bomi; has been
“lived with” for several years and has become
commonpliice to a degree as a result of con-

167




siderable warranted as well £3 some exroneciis
debunliing, it 1s sl by far the most potent
weapon ever developed.  Iiseffycts belng mul-
tiple and its teing en unprecedentedly a large
alez weapsh, the problen. of iarget snalysis
1 extremely difRcult. The initial attitude
herz will be: if nseessary su &tomic weapon
can De designed ic destroy aimost any target—
ceriainly all thase any previcus weapong have
been capable of destroying. .adeed, part of
th- problem of designiing appropriate wespens
for ground cperations iy in assuring that cex-
tain targats will not be destroyed, ie., friendly
iroops. Defining a sufficiertly inclusive tar-
get compiex for atomic weapons is again dif-
flewlt. A superbomb (presuming such can
and wili he developed) is capeble it some cir-
cumstsarices of putting an entire army out of
action. This is demonstrated by the fact that
in World War II the US First Army at several
phinges of its operations in the European
"Fhenter was composed of 8-17 divisions along
& 20-mile front and could have been almost
campletely destroyed by one superbomb. In
confrast, & single bridge or tunnel or com-
mand post may become of sufficient impor-
tance in the courze of action to warrant the
uss of an appropriately designed atomic
reapon. A decision that an atomic weapon
should be used against any particular target
must consider many factors. An attempt will
be made in this study to take inic account all
these factors. It will not be possible, of
course, to give 2 final analysis here. it is
thought, however, that a rough analysis will
be profitable in defining the problem for f.
ture work and - 1 also inaicate some impor-
tant preliminary conclusions. Much detailed
analysis which hes never been done, can and
must be done before a complete evaluation is
possible. ‘rhis paper will inspect the pos-
sibilities for such analysis.

WEAPONS SYSTEMS ANALYSIS

The one availahle atomic weapons system is
that used ageinst the Japanese, an air hurst
atomic bomb delivered on the target by air-
creft, Requisite to the tabulation of this ex-
isting weapons system and those that can be
assumed to be possibie ot deveiopment within

168

Analysis of Military Assistance Program

the next few years, is the knowledge of atomic
weapons devslopmer.’s and possible methods
of delivery. The analysis presenfed here,
therefore, includes separately those atomic
weapens and those methods of delivery for
which there is assumed to be a reasonable
probability of development. F-ollowing this,

the possible weapons systems are proposed.
TYPES OF ATOMIC WEAPONS

An exhaustive list of possibilities for atomic
weapons is not attempted here. Rather, later
ini this paper, the need for certain types of
weanons is discussed and the list given in Table
X1, merely anticipates the needs of the subsa-
quent target analysis.

METHODS OF DELIVERY

‘There has been considerable reluctance in
reports already written to include for consid-
eration an atomic warhead on a guided missile.
This tendency apparently results from a gen-
eral belief that neither the atomic warhead
nor the guided missile will be available for
many years. There is a growing conviction,
however, that if there is sufficient necessity
such a weapon could be obtained in one year.
Corporal E and Hermes A-1 which are listed in
Table XL are in this ategory. Certainly the
guided missiles which may be available in five
years will have better characteristics, but the
anticiputed characteristics of both Corporal
E and Hermes A-1 make them acceptable as
carriers for an atomic weapon of the modified
LC type.

ATOMIC WEAPONS SYSTEMS

It the atomic weapmmg which can be as-
sumed to be possible of development in the
next few year.; are correlated with the develop-
ment of methods of deiivery, the possibilities
for weapons systems can be outlire? Table
XL lists i5 different weapons systems. A
fina] selection of the besi weapons.systems
from this list cannot be made uniil after a
conxideration of the larget aystar iu the next
section.. it is apparent tha' a deciz: .. to put
atomic warhew.as on guidec missiles would be
made primarily to obtain greater accuracy
than is obt.>able in high altitude hombing.

sy
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ATOMIC WEAPONS ASSUMED POSSIBLE OF DEVELOPMENT WITHIN THE NEXT TEN YEARS

Tapre XL

POSSIBLE E’;’;:u"ir
ERAY TN . MATED
MISSILE TYPE ENEROY IN KT | m:::s :p AvATL. REMABKS
| ABILITY
1. Bomb 40 Air Now Only airburst type used a.°d now avaiixbie,
Ground
2 Bomb 20 Air Now Considered obsclete.
3. Bomb Ground 1950 Penetrating weapon, Not temizsd but sssumed
Underground efective., Underground effeets not yet de-
Underwater termined.
Air
4. RW (Bomh or Shell) Ar 1950 Small quantity available almost immediately.
Larger quantities believed possthle. No de-
cisior to make in large quantity {i Jspu-
ary 1950).
5. Bomb Higher than #1  Air 1851 Improved type.
Groand
6. Guided Missiie Air 1951 No decision to develop (1 January 1950). To
Ground fit on Corporal E, Hermes A-1 or Hermes
A-3.
7. Field Artillery Shelt Low Awr 1051 No decision to develop (1 January 1950).
Ground Fired in 280 nnm howitzer like T-29.
8. Bomb Ground 1951 Pessibly using je. assists to penetration. No
Underground plans to develop (1 January 1950).
Underwater
Air
9, Superbomb Air 1955 Status not known {1 Jauuary 1850).
Ground
10, Super-Guided Missile Air 1955-80
Ground
Underground
Underwater
11, Superbomb or Super- Air 1955-80
Guided Missile Ground
Underground
Underwater
12. Ficld Artillery Shell  Higher than #7  Air 1951
Ground
13, Guided Missile Air 19565
Givund
Vwudergronad
Underwsicr
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TasLs XLI—METHODS OF DELIVERY OF ATC *{IC WEAPONS

! MAXIMTM EARLIEST
METHOD { CARRIER RANGE ACCURACY | ESTIMATED REMARKS
AVAILABILITY
miles Jeet
1. Airplane B-22 Morethar 1,500 (cpe) Now Acouracy is understood to be controveraial.
B-36 5,000 visual
B-50 3,000 (cpe)
2. Alrplane Drone (Heavy Not known Not known  Availability 1s estimated here as 1950 but
Bomber) no plans are referred to.
3. Fieid Artillery T-29 25 900 1951 Conventional shell weight approximately
range pe 400 1bs. Not yet test fired. Caliber
estimated 280 mm.
4. Guided Missile Corporal E 80 (ap- 1,000 (cpe) 1851 Remaining develcnment work required on
prox.) estimated guidance system only. Guidance to be
% proved in fall 1950
5. Cuided Missile Hermes /-1 30 (ap- 300 (epe) 1951 Current estimates 12 months deveiopm. nt
prox.) estimated time for guidance system.
8. Guided Missile Hermes A-~3 150 200 (cpe) 1956 Piacned. Bevsrel other guided missiles
estimated are also under development.
7. Guided Misnile Morzthan Better ¢} 1956-1960 Must carry atomic warhead. No known
400 R0 cpe plans to develop.
TapLe XLII—-POSSIBLE ATOMIC WEAPONS SYSTEMS
EABLIEST MAXIMUM ‘
ESTIMATED | METHOD OF DELIVERY | .\ 0 ACCURACY | ATOMIC WEAPON | ENERGY IN KT | TYPE Of BURST
AVAILABILITY
miles feel
1. Now Airplane More than 1,500 or Bomh Up tc 40 Air
5,000 3,000 cpe
2. 1950 Piloted airplane or . Less than Bomb Up to 40 Alr
drone; low altitude 1,000 cpe
estimated
3. 1950 Airplanc More thatn 1,500 or Bomb Ground
5,000 3,000 cpe Underground
Air
4, 1950 Airpiane More than 1,500 or RW Air
5,000 3,600 cpe
5. 1951 Guided bomb on air- . .. Less then Bomb Up to 40 Air
plane 1,000 cpe
estimated
6. 1951 Airplane Maore then 156G or Improved Bemb  Higher than #1 Air
§,000 3,909 cpe
7. 1951 Field Artillery 25 800 range pe  Shell Low Air
estimated
8. 19511 Airplane More than 1,500 or Bemb ... L. Ground
5,000 3,000 cpe Underground
Underwater
9. 1951 Guided Missile 75 (ap- 300 cpe Bomb Werhead Alr
Hermes A-1 prox.)
10. 1961 Guided Missile 80 {ap- 1,000 cpe es- Bomb Warhead a1,
Corporal E prox.) timated
ii. 10585 Airplane Moretoan 1,500 or Super Alr
5,000 3,000 cpe
2, 1956 Guided Missiie 150 200 cpe esti- Romb Warhead Air
Hermes A~3 mated
. 1951 Fieid Artillery 25 900 runge ¢ Shed L. L. A,
estimated
. 19585 Guded Missile 150 200 cpe esti- Bomb Warhead Air
mated
15. 1955-80  Gu:ded Miesile 400 200 cpe esti- fuper AT
mated

1 Jets for additional penetration.
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Appendix B

TARGET SYSTEMS ANALYSIS

Analysis of target systems to determine their
suitability for attack by atomic weapons is a
very difficult task. It has been pointed out
that the target comp’ex, depending on the
type of atomic weapon or the tactical configu-
ration, may be considered to range from an
entire army down to a single relatively small
target such as a ship, a tunnel, or a depot.
What is the effect of specific damage on the
capacily of an army to fight? What decrease
in effectiveness accompanies any specific frac-
tioral loss in infantry, artillery or supplies?
Will there be a psychological reaction to the
use of atomic weapons in the field which will
be even more impoitant than the physical
destruction? These are all exceedingly dif-
ficult questions to approach. Nevertheless, it
is believed that any analysis which does not
give some kind of reply, however qualified, to
such questions is not adequate. It is neces-
sary to show the relatioriship between specific
damage to personnel or equipment and the
military capability of the entire unit. The
saturation type of operation would simplify
iiie analysis. That is to say, if all the infan-
try, or ali the iong range artiilery, or all the
tactical aircrait, or ¢ll the food could be de-
stroyed, the fighting potential of the unit could
be evaluated more easily. It is possible that
atomic weapons may be shown to be adaptable
to attacks of this kind and the appropriate
analysis should be considered very profitable.

It is not implied that such a comprehensive
and detailed analysis has been completed.
Rather, since such analyses are a vital neres-
sity to the mort thorough appsracintion of the
position of atomic weapons in army opera-
tions, a beginning is made toward this end.
A preliminary analysis has been made oi a
number »¢ individual targets, and this has
been extended to analysis of the effects on a
few composite targets. Even from these be-
ginnings, specific conclusions may be reached
as to the requirement for weapons with in-
creased accuracy of delivery (against indi-
vidual targeis), and the effectiveness of the
wegpon against some composite targets.
FACTORS IN EVALUATION

Before attempting an analysis of targets
systems it is approprivte to consider the factors

e Bvenci-

-

involved in tiie decisio to employ an atoric
weapon against a particuiar target. The most
important of these factors are listed.

1. Size and nature of target;
2. Effect desired;
3. Delivery: means, accuracy and counter-
measures;
4, Importance of tlie targel to tae military
operation;
5. Danger to friendly personnel or equip-
meiit;
6. Coordination with scheme of maneuver;
7. Availability of stomic weapons;
8. Other means of neutralizing targets;
9. Other %ossible, current or future use of
atomic weapons;
i0. Expected enemy reaction;
11. Political considerations.

Together these factors may be said to de-
termine the “Military Worth” of the target.
Consideration of these factorg will indicate the
compilexity of a consideratton to use atomic
weapons in the ficld. The size and nature of
the target (i) and the eftect desired (2) are
the prime factors in any analysis of the effec-
tiveness of a particular weapon against a par-
ticular target. As a first attempt at evaluat-
ing the usefulness of atomic weapons, an an-
alysis based upon '\nly these two factors Ias
been made. Such an analysis involves an
understanding of the phenomenology of vari-
ous types of atomic bursts and an estimetion
of the effect of thesc piicnumena on the par-
ticular targets. The more complete analysis
also presented in this report evaluates, where
nossible, not enly the weapons effectiveness
but all other iactors.

The importance of the target (4) is deter-
mined not oruy by the trinsic nature of the
target but in most cases by the particular
situation. if it can be stated axiomatically
that a certain target of a given <ize or do.lar
volue is always significant to t'.. .uccess of
ground operations, then that target is impor-
tant because of its infrinsic value. There
will, however, be many caseg in which tergeta
of little int .insic v Zus wili azev~ic overriding
mperias e in a pardewar situsi’.a as, for
instance, the now classic exampie of Remagen
Bridge. Certainly no ca‘egorical statement
can be made as to the relative importance of
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targets unless the effect on the operation is
showi.

The atomic weapon has such a large damage
area that any ground operations will have to
be extremely well coord.nated, notv only to
minimize the danger to friendly personnel and
equipment (5) but also tc fully exploit the
havoc wrought upon the enemy (6). The de-
gree of the coordination required is closely as-
sociated with the means and accuracy of de-
livery (3) since the accuracy determines how
close to friendly posttions the weapon may be
used as well as the probability of destroying
part or all of the target.

Of particular significance in the employ-
ment of atomic weapons is the problem of pro-
curement (7) considered in conjunction with
alternative uses of the weapon (9) and alterna-
tive means of neutralizing the targets {(8). Ia
this connection it should be fully appreciated
ithat atomic weapons are expensive and not
availeble in unlimited quantity, thus the de-
zision to use them must consider the factor of
supply at the particular time and place as well
as the economics of neutralizing the particular
target by other means. On the other hand,
initial consideration of the employment of
atomic weapons should not be limited by the
actual current availability of weapons or fu-
ture production plans. Rather, a benefit of
analysis, unrestricted in this report, may be to
influence planning for production.

The reaction of the enemy to the use of an
atomic weapon (10) must be appraised to the
extent that his alternative courses of action
may be anticipated. Also unavoidably i -
volved are subs’ juent poiitical considerations
(11) both at home and abroad.

CLASSES OF TARGETS

Shoule it he so desired, an atomic weapon
probably could be designed that would destrcy
any particular target. Tais, however, is not
advisable, and it is the purpose of this report
to propose a family of atomic weapons most
suitabie for ground operations.

Two important principles will now be stated:

1. Tactical planning in advance of the
battle cannoct evaluate the importance of tar-
gets of opportunsy. Although it is difficult

categorically to define a target of opportunity,
u, is sufficient for the present use to mention

Analysis of Military Assistance Program

some targets. A fleeting target set up mo-
mentarily in the coursc of events is certainly
such & target. Howevcr, infantry maneuver-
ing in the fleld need not be classified as a tar-
get of opportunity if it is not necessary to
know their location very accurately. If it is
a sufficiently permanent target and if intelli-
gence of its existence is available for planning
purposes, then it would not be so classified.
If, however, the existence and description of
a depot, or dump becomes known during the
battle, it probably should be considered a tar-
get of opportunity. The suggestion in stating
the above principle is not that targets of oppor-
tunity are unimportant; they may even be Je-
cisive. Planning. however, cannot reliably
anticipate thewr importance end this vaper will
not be concerned with such targets. Further
work will consider torgats of opportunity so
that a family of atomic weapons can be pro-
posed having versatility necessary to allcw
their use on such targets.

2. Defense against atomic weapons requires
dispersal of or more protection of personnel
and facilities. This doctrine for defense
against atomic weapons has been established
for some years. Two questions must always
be answered: What dispersal is necessary to
reduce the calculatel risk acceptably? How,
much and what kind of dispersal is possible
without reducing the etficiency of the organ-
izetion? The doctrine of dispersal is danger-
ous in application unless it can be quantified
with respect to calculated risk and loss in ef-
ficiency. In the present work very little at-
tention can be given to the eflect of the use
of atomic weapons on tactics. Continued
work must take this into account so that
weapons will be planned as much as possible
for the operaticns anticipated for wars of the
future.

Tor the present purpose “planred” targeis
are considered ¢ being in one <u .wo cate-
gories, either individual targets as entities,
or in conjunction with other individual tar-
gets constituting e composite tavget.

Individ:2! Targeis.— Toe Lhe pu:pose of this
report en Lidividual target may b usfined as
the smallest entity of defined cheracteristics
and limited dimensions which needs to be con-
sidered fro.. the pomnt of view of analysis. A
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Appendix 3

list of individual targets, i.e., air flelds, mar-
shalling yards. ports, bridges, depots, dumps,
staging areas, and tanks, which are common
in military operstions, has been assembled
and analyzed in the 1lig} ¢ of the ccasideration
involved in the employment of atomic weap-
ons which have previously been discussed.

It becnmes °ppaient from the definition of
an individial target and the probable capa-
bilities of conceivable atomic weapons and
weapons systems that most such targets could
probably be destroyed. However, of greater
corsequence than the destruction of a single
individual target is the analysis of the effect
of the loss of such targets on all army opera-
tions.

Composite Targets—In general, composite
targets consist of a number of individual tar-
gets which may be grouped into categories
according to some common characteristics.
Thus, one may think of composite targets in
terms of the organizational structure of the
army, the functional structure of operations,
or possibly in terms of specific type targets,
ie., personnel and buildings. Atomic weap-
ons produce damage areas so large that while
assessment of damage to individual targets is
requisite as a first step in analysis, the more
difficult task is to associate the damage to in-
dividual targets into an integrated figure of
merit which may ke used to interpret the over-
all importance of the damage.

Significant also is the effect of atomic weap-
ons upon the functional structure of the army.
This structure may be approximated (in ts
aspects of sigrficance fcr this purpese) by
the following:

1. Forces—
a. Infantry,
is. 42.100T,
c. Artillery,
d. Tactical Air.

2. Logistics—

a. Transportation,

b. Storage.
Starting with an analysis of the individuail
targets which comprise the preceding elements
of a ground army, it is possibl. to estimate
the general svitability of each for attack by
atcmic weapens.

S

L&

MATHEMATICAL TECHNIQUES
OF ANALYSIS

Reasonably rigorous mathematical solutions
are required in certan phases of the problem.
Reference to the list of eleven factors shows
that it is only remotely possible to quantify
some of the factors and the., in general, it
will be very difficult to associate all the fac-
tors in a quantitative fashion. However, many
factors are quantifiable and it is a purpose of
this paper to outline some of the techniques
which may be utilized or which would be de-
veioped.

Although much work has been done in the
past on statistical analysis of conventiunal
weapons systems, atomic weapons require
much additiona! anaiysis. This results pri-
marily from the cost and availability of atomic
weapons as well as their large destructive area.
Thus, one is extremely careful to determine
the certainty of results when using even one
atomic bomb, and when more than one is re-
quired (by tue size or importance of the tar-
get) similar caution is taken to minimize the
possibility of overlap. This is in contrast to
the statistical problem of neutralizing a large
target with high explosives in which the prob-
ability of damage is the prime corcern, and
with little regard fo ' overlap a sufficient nu.-
ber of bombs is dropped on a target to bring
the probability of destructicn up to a required
value,

In considering atomic weapons, the analysis
must take into account at least four situa-
tions:

1. A single bomb is expended on a single

target.

2. Several bombs are cxpended on a single

target.

3. One bomb per target is exyended on each

of a number of targets.

4, Several bombs per target are cxpenacd

on a number of targefs.

In situation 1, the decision to use one atomic
v,eapon on one target would no doubt be made
only if a very high probability (perhaps 20 to
95 pereert) cxisted for ssusing r-quisite dam-
age fu the target. That .5 to suy, the com-
mander typically will say here is a target which
is of sufficient importance to call for an atomic
bomb but crly if there is a very good chance
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Appendix B

that this one bomb dropped cn the target will
do the job; otherwise, some other weapon
should be used. 1 is likely that many targets
will be in this category—worth one atomic
weapon buf no more.

Distinguishable from this is situation 2 in
which the target is imaportant encugh to re-
quire more than one atcinic weapon. Several
cases can be imagined. For example, a target
is of such a size that one atomic weapon fali-
ing at the proper place will knock it out but
vith a probability of only 5 percent. How-
ever, the probability is better than 9 percent
that any one of three bombs aimed at the
same point will do the required damage; and
the commander says it is worth three bombs.
Another example is a target so large that one
bhomb will under no circumstances do the
requisite damage. If the target is worth sev-
eral bombs, they can be used.

In situation 3, suppose there are 50 mar-
shalling yards and 25 such yards knocked out
warrants the use of 50 atomic bombs. This is
again recognized to be a different situation
for if one atomic bomb could be dropred on
each target, even if the probability for hitting
each target were only 5 percent, the over-all
probability of hitting 25 or more targets would
be high.

Situation 4 rcquires the most general sta-
tistical treatment. Much work has already
been done to treat the case of several atomic
bombs dropped on industrial areas. It is
understood, however, that the necessary
mathematics has been developed only for a
single aiming poini. The more general situ-
ation in which <everal stomic weapcus ave
aimed in a pattein is of great importance, par-
ticularly for a consideration of the utility of
guided missile weapons systems with a range
up to 150 mi'es, which are purportediy much
more accurate than high altitude bombing.

A separate mathematica’ formulaticn is not
necessary for each of these four situations
discussed above. Situation 1 is a special case
of situstlion 3. Figure 34 indicates the kind
of analvsis which is profitahble for situation 1
for .937 probability (2 circular probable errss).
A complete analvdic of this type is in progress
in this office. Situation 2 has already been
analyzed for the cas: of & singie aiming point
RAND Report Ii-163, X mpirical Bomb-Cover-

Ll .

age Distribution) but not for multiple aiming
points. The latter, however, ic again & spe-
cial case under situation 4.

TARGET ANALYSIS
INDIVIDUAL TARGETS

As a first step in target analysis a qualita-
tive examination has been mad~ of various in-
dividual targets and the results are shown in
Table XLIII. Svuch a procedure is profitable
to compare the results with other similar re-
ports, to serve as & guide to more quantitative
analysis and, finally, to allow a current esti-
mate of the need for developing certain weap-
ons and weapons systems.

Referring to the list of factors in evaluatio.,
an estimate has been made on the basis of 1,
2, and 3 only of the damupe io the target—
assuming the weapon is properly placed-—of
various types of bursts and is called Weapons
Effectiveness. A separate estimate, made with
principal concern for factor 4, and with some
concern for factors 5 to 11, has been called
Target Suitability. It is assumed here that
all the weapons and methods of delivery in
Tables X1, XLI, and XLII are available. The
weapons system required for each target will
not be stated initiaily

The list of targets is not exhaustive. It
does, however, include all the targets analyzed
in all other reports which are pertinent to the
present analysis.

In Table XLIII under atomic weapons ef-
fectiveness, the type of atomic weapon con-
sidered is indicated at the top of each column.
The letters used represent the following types
of weapons:

Letters Type of Weapon

A . . Air Burst (more than 300 yards above surface). -

G .. . Ground Burst (immediate vicinity of ground).

UG... . Underground Burst (without surge).

UGS.. . Urdeyround Burst (with surge):

It wiill be assumed here that an underground
burst will wesken the sub.tructure anu
give an earth displacement _: . will de-
form the ground over a large urea.

Underwater Burst (with surge):

In this ¢ ialysis all references to an under-
water buist in which the target is not
chviously sitiated cear - eicnt water
{0 produce this ivce i nov ~_plieable.
Obviously a few situsticns may arise
where this is not true, but these situations
i be o the minoiity.

. Re~logical Munitions.

Uw..

RW.
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The various classificativddiog
tance and weapons eﬁectxveness on the target
are given below with the symbol used in the
analysis.

Symbol Classificniicn
.. excellent
. . good
. . fair
. poor
no good
. not applicable

R Tl

In Table XLIV a single letter of merit is
given which is the letter of merit for target
suitability muiltiplied by the letter of merit for
weapons effectiveness (both from Table
XLIIT). The product called “Military Worth"
is obtained according to the foilowing sched-
ule:

B unuwwund

'°-.~°.°»-‘P:n cR oo
T'TT v'C s m® R @
Dogrg et O

noru anythm

Table XLIV also lists for coraparison the
results of the Air Force Intelligence 3> and
Sandia Base 3 studies. This is not s fair
representation of either of these reports since
it was necessary to change nomenclature in
some instances. It will be noticed that there
is good agr sment bevween these analyses.

Symbol Sudlabiliiu
1. Air Force. . ... d........ doubtful
B.. ... . suitable
v.... .. . unsuitable
2, Sandia Base.. . d.... .. . doubtful
Y . .. . yes (suitable)
no . no (unsuitable)

The letters representing weapon types and
the symbols of the various classifications of
military worth used in the analysis by Opcra-

2 Tactical Targets Suitable for Attack with Afr-
Burst Atomiz Bombds (Unpublished).

® Empioyment 0} «!ymic Weapons Against Various
Types of Targets.
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ticns Research Office have the same signifi-
cance as previously described for Table XLIIL

The targets in Tabie XLIV will be discussed
very briefly in explanation of the assessed
military worth.

FORCES—INFANTRY

Staging Area for Airborne Assault.—An “ex-
cellent” target for an air burst atomic weapon,
not only because the infantrymen would be
concentrated in the open but because of the
potentialities of this grouy if allowed to em-
bark on the offensive. A base-surge-forming
underground hurst is “good” even though the
thermal effects are nil and the blast acea is
far short of that of an air burst because the
highly radiocactive surge is compensatory.

Airheads—A “good” target for an air or
ground burst atomic weapon, since it is ex-
tremely vulnerable and important. Some air-
craft and supplies will also be affected al-
though the functions of the airhead may be
resumed a short time after the burst. An
underground burst with surge is also “good”
beceuse of the cratering and contamination
effects. In any case, a time element is in-
volved since an airhead would be of impor-
tance for several hours at the most.

Staging Area jor Amphibious Assault.—--An
“excellent” target for either an air burst or
underwater burst atomic weapon. This tar-
get is indicative of a concentration of infantry
for an offensive. The underwater burst would
have some limitations as the prevalling winds
would have to carry the contaminated surge
material over the staging area.

Amyphivious Landing.-—The considerations
involved here are ldentical with those of an
amphibious assault staging area.

Billets—A “fair” target for an air and
grov ad burst or an underground burst with n
sr.ge. A reasonabie concentration of vroops
asust be found, if not in the open, at least in
structures which are vulnerable to air or
ground burst weapons. The undergrsund
burst with stiree would have less destructive
caneuity, but woull 1anke a swige area unuse-
abie.

Command Posts—A “good” target for an
underground burst atomic weapon, preferably
with a -.ase surge. 'While the personnei In-

B




Appendix B

TaBLs XLIII

INDIVIDUAL TARGET EVALUATION

TARGET! ATOMIC WEAPONE EF7ECTIVENES3 PECTIVENESS
TARGETS 8TIT- TYPE GF PURST BST
. ABILITY A | 6 | UG | UG8 | Uw | RW Gs | ©v
I. Forces:
A. Infantry-
1 Swging Area for Airborne Assault e e g { g u f g W
2. Aitheads......... . . .. .. g e g p g u P g u
3. Staging Area for Amphibious As-
sault.... .. ... . ...... .. e e g P f [} f £ °
4. Amphlbloua L*ndmg e e g P f e f { e
5. Billets ........ . ... R f e g P 8 u f 3 0
6. Command Posts? ... C e e a P g g u n 4 u
7. Detiles (Troops) .... . e g f f g u P P u
8. Fixed Foriifications ... [ n n f f 1 n f u
9, Infantry (Attacking) . . e e g P f u P t u
1). Infantry (Defending hght fomﬁc&-
tion) . e H p p i u f 4 a
il. Troop Assembiy Areas .. [ e f P f u f ¢ u
B. Armor: 3
1. Tanks . . . . .. ....... e H g f f u u { ®
C. Artillery: ¥
1, Artillery, manned @~ .. ... e e g p f v f H u
2. Artillery, equipment. ... ... e P f P P Q n P u
D. Tactical Air: N
1. Airfields. .. . e e e f P g g u n g a
11. Logstics: ¢
A. Transportation: :
1, Barge Concentrations . ....... n P e u u -] n & e
2. Cansl Locks. .... e g P P f . p B £ P
3. Highway Bridges and deucts e P g g g u n g n
4. Highway Right of Ways .. . . n n P p P u n P u
5. Motor Vehicle Repair Facihtxes . P e f P f u f £ 1
6. Port Areas? ...... . e f p p P { n P 1
7. Railheads .. .. n n n f f u n ' u
8. Railroad Bridges snd Trestles g p g g g u n £ u
9. Railroad Maintenance and Repur H
Shops... . .. ..... . g e p p P 1 n 2 u
10. Railroad Marshnlhng Ya.rds p B f g B u 2 H ]
11. Railroad Right of Ways. ........ n n n f f n n 4 u
12. Raiiroad Transier Peints ... . f P f g e 3 4 P u
13. Shipyards, Nayal Opciating Bs,ses [4 e P P 2 P n 5 p
i4. Tunpels.... .. .  ....... L 0 n g 3 1 n 5 u
18 Vahicler ’md~F‘mnnma“" Aopamtt s :
Areas, . . e e g @ H P ? u f ? o
G. Storage: 3
1. Amn.unition Depor. p P r f { u n ( ')
2. Gas Dump (POL). ... p 6 e e e u b s 2
3. 0! Refineries. e f P g P4 B i F3 u
4. Qil Storese Tanks. g e f g '3 i a M «
5. Pipelines and Pumping Stshons . P n p P r u ] g u
6. Port Depots . . . . .. [ P n P P 1 a P t
7. Reservoirs and Aque:h. p n P i g n n z a
&. Sohd Iuel Storage... . . . ... p P p E D u n ¢ u
9. Supplice, Ceneral (Dumps and :
Depots . r e " b4 g « £ F T
10. Supply Depots {Military) . ? e f 1 H u t t W

——— e
Soc Footnotes at end of Table
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Tanses XLIII (Continued)

TAROGET! ATOMIC WEAPONS CFFECTIVENESRS
TARGETS suIT- TYPE OF BURST
N ABILITY A | 6 | uc T uves | uw | :
IT11. Miscellaneous:
1. Cities. Towns and Built-up Areas..... [} [ [ 4 p 4 u
2. Commuaication Center (Surface). . . . . n e £ g e u
3. Dams and levees. . ........ ....... g a b P p e
4. Headquarters and Camps............ ° [] { P f u
5. Mineable Areas.................... e n n n n u
6. Power Plants, Ilydroelectric. . ....... n P r g g n
7. Power Plants, Thermo-electric....... D t p g g u
8. RadarSites........................ n e g ] ] u
9. Rocket Launching Sites. ... .. ... ... n n n n n u
10. Seaplane Gases..................... ° f P P H f
11. Submarine Pens.................... [} n n { f n
12. Submarines, surfaced. ........ ..... p [ { ] u u e
13. Submarines, submerged......... .... P n n u u [
14. Transiormer Substations. . .......... n e ['3 g g u

! Estimated in agreement with CGSC, Fort Leavenworth.
3 Applies equally to Armor, Artillery, et cetera.

! Because of the complex nature of port functions, the sffect of atomic weapons ls controversial.

The present s

is not final.
TamLe XLIV
TABULATION OF EST'MATES OF THE MILITARY WORTH OF TARGETS
ORGANIZATION
Air
TARGET Force Sandia Operations Research Office
TYPE WERAPON
A A | UW | RW A | 6 1 uG ! uss| uw |
1. Forces:
A. Iniantry:
1. Airborne Assault Staging
Area. .. ............. s y y y L] g ['4 [] n
2. Airheads.. ............. d d n d g 8 p g n
3. Amphibicns Av-sult Stag- H
ing Ares............. s y y - . 8 4 4 e
4. Amphibious Landing. ... d y y y ] g 4 [{ °
5 Billets................. d d .. v ¢ i P i u
6. Command Posts. ....... d . b4 n f g g n
7. Defiles (Troope) . . ..... . d d d g t { B n
8. Fixed Fortifications . . ... u d d y n n f f n
9. Infantry (Offensive).. ... d n y ° g f f n
10. Infantry (Defend:ug 5t
fortification) . .. ...... .. d n y . { 4 4 n
11. Troop Assembly Areas... [] y y f f f n
B. Arniur:
L. Tanks.......... ...... f g f t n
C. Artillery:
1. Artillery (manned). .. .. y v ¥ 3 g ! ? M
2. Artillery (equipment). ... .. . f f f n
D. Tactical Air:
1. Afrfields . . ............. s d y y 4 f '3 [ ] n
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TasLe XLIV (Continued}

CRGANIZATION
A"_ Sandia Operations Research: Office
TARGET Forez
TYPE WEAPON
A A | UW | RW A | G | UG |UCS |UW | RW
I1. Logistics:
A. Transportation:

1. Bargze Concentrations d . n n ] n n n
2. Canal Locks..... . u d d d p P f f p n
3. Highway Bridges and Vm~

duets . .. ...l . u d d d f g g g n n
4. Highway Right of Way. u d d d n ; n n n
§. Motor Vehicle Repair

Facilities.... ... s .. f p p p n r
6. Pozt Areas .... . .... 8 y y y f t f f f n
7. Railheads. ..... . 8 n n n n n n n
8. Ruilroad DBridges and

Trestles..  .... ... u d d d p [ ['4 g n n
9. Railroad Maintenance

and Repair Shops . 8 . .. g p P P n n
10. Railroad Marshalling

Yards .. 8 n n n P p P f n n
11. Railroad Right of Ways u d d d n n n n n n
12. Railroad Transfer Points u d d 4 P f f { n f
13. Skipyards, Naval Opemt-

ing Bases . 8 y y v g p p P P n
14. Tunnels u d d d n a g g n n
15. Vehicles and Equ)p As-

sembly Areas. . 8 g f p { n i

B. Storage:

1. Ammumnition qep::z u d a d P P P D n a
2. Gas Dump (POL).. u d d d f H f £ n {
3. Oil Refineries ... 8 .. f f g g n u
4 Oil Storage Tanks . 8 g f g g n n
5. Pipelines and Pumpmg

Stations u d d d n P D ) n !
6. Port Depots.. / v v y f n f f { n
7. Reserveirsand Aqueducte u . . B P p p n n
8. Solid Fuc! Storage. . u d d 4 P P o3 P n n
9. Supplies (General)

(Dur 8 ard Depuis) . d d d { P p P n n
10. Sunplies Depows( Mititary) [ d d d f D D D n D

IIi, Miscellaneous:

1. Cities, Towns and Buiit-

up Aresas... . . .. . .. e g f f u {
. .,Mmumcatxon Centers . a d a n n n B n n
3. Dams and Leveesa.. . u n P P P g n
4. Headquarters and Camps s e f f f n f
5. Mineable Areas. . .. u n n n n 4 n
6. Power Plants (Hydroﬁie«

tric) .. 5 n n n o n n
7. Powar ?iauts {Thermo-

electric; 8 n n n t n n
8. Radar Sites . u bl D : Q n n
9. Rocket Launching S u n n n n ! n
10. Seaplan: Dases s f f H f { n
i1 Submanne Fens .. u .. n n f f n n
12. Submar.nes, surfaced. .. 8 n u n r t n ] f n
13. Submarines, svbmerged. . u n n n u 0 n n £ r
14. Transforiner Substationa u n n n n u n
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volved in this target are limited in number,
they are leaders, and the post itself is the
nerve center for ccromnications and controls,

Defiles.—A “good” target for an air burst
or underground burst vIth surge. The {ar-
get is of importance but the effecliveness of
the weapen is limited by the linear nature of
the target.

Fired Fortifications.—A “fair” target for an
underground burst atomic weapon, preferably
with a base surge. This weapon is the one
which: will have appreciable effect on this tar-
get.

Infentry (Offensive).—An “excellent” tar-
get for an air burst atomic weapon. The in-
fantry, concentrated for an attack and mov-
ing up, are not only a serious threat but are
themselves vulnerable as they cannot be “dug
in.” Coordination and accuracy are very im-
portant since friendly troops must not be ex-
posed.

Infantry (Defending Light Fortification) —
Radiological material would have its most &f-
fective application against a target of this
sort. Obviously radiological weapons do not
destroy a target, but can be expected to make
a given position unusecble. Otherwise, this
target is “fair” for an air, ground or under-
ground burst.

Troop Assembly Areas.—An “excellent” tar-
get for an air burst atemic weapon since the
troops would be concentrated in the open.

FORCES—ARNGR

Tanks.—A “good” target for a ground bra.t
weapon, and & fair” or somewhat iess effec-

$ira towand fan add
wive m"svu ior Cu:hcr an & °"‘ b‘d!‘st or "“"‘“"

ground weapon.

FORCES—ARTILLERY

Artillery (manned) —An “excellent” target
for an air burst weapon not only because of
the great importance of the artillery fire to
ground operatjon but because of the vulner-
ability of artillery personnel as now organized,

Artitlery (equipment) —A “iuir” target for
an air, ground, or underground burst. Again
the artillery fire is important but this is some-
wintt wvercome by the invuinerabilily of the
plece itsel?
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FORCES—TACTICAL AIR

Airfields.—A “good” target for an under-
ground burst. Tactical air support is of ex-
treme importance to ground operations and
an underground burst will inactivate an air
strip.

LOGISTICS—TRANSPORTALION

Barge Concentrations.—A target of ne value,
Although an underwater burst and a ground
burst are effective, the target has no impor-
tance to military operations.

Canal Locks—A “fair” target for an under-
ground weapon. The importance attached to
this target is somewhat qualified.

Highway Bridges and Viaducts—A “good”
target for a ground or undecground burst. A
ground burst is here rated on a par with the
underground burst because of the vulnerabil-
ity of bridges to latzral forces.

Highways—Of no military worth primarily
because of the ease with which any abstacles
may be detoured or the road repairzd. Fur-
ther, no weapon effect is rated better than
“poor."

Motor Vehicle Repair Facilities—A “poor”
target for an air burst atomic weapon. Al-
though the target is vulnerable, these faciii-
ties are plentiful an(. mobile, thus the impo:-
tance of such targets is poor.

Port Areas.—A “fair” target for all types of
atomic bursts. The military worth is Himited
by the weapons effectiveness despite the im-
portence of such a target. It is believed that
damage to shore facilitles will hinder but net
stop unloadings and that contamination wiii
vequire movement and rotation of personnel.
Effects on this targer ave coniroversial.

Railheads—Of no military value because ot
the ease with which thev may be moved. Such
damage as may result from an underground
buist is limnited.

Railroad Bridges and Tresties.—The analy-
sis {3 identical to that for highway bridges.

Redroad Maintenasnice and Repair Shaps.—
A "good” target for un ir pugst o imarily be-
eaus2 .. ghe destruction ot ucilitie; .. limited
suppiy. This destruction is modified by the
importance of the terget in arriving at the
military werth.
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Railroad Marshalling Yards.—A “fair” tar-
get fo an undc ground burst. Despite the
eifiective resull of the use of this weapon
against this target, the large number of such
yards and the possibilities of rerouting restrict
their military worth.

Raiiroad Lines—Of no value; similar to
highways.

Railroad Transfer Points—A “fair” target
for a ground or underground burst. Such im-
cortance as is attributed to the target is be-
cause stich points are few, and the flow of men
and materiel depends upon them,

Shipyards—Naval Operating Bases—A
“good” target for an atr burst atomic weapon
because of the effectiveness of the burst on
ships and essential facilities as well as the im-
portance of such targets to military opera-
tions.

Tunnels.—A “good” target for an under-
ground atomic burst. An undergrcund
weapon is the only one that can destroy a
tunnel. The good effect of the weapon is
combined with the importance of the target.

Vehicles and Equipment Assembly Areas.—
A “good” target for an air burst primarily be-
cause of the effectiveness of the weapon
against it as well as the importance of the
target.

LOGISTICS—STORAGE

Ammunition Depots—A “poor” target for
air, ground, or underground weapons not only
because of the iimited effect of the weapons
upon ammunition but because of the slight
importance atta~hed to a singic depot.

Tanpline Dumps.— A “fair” target for an
nir, ground, or underground burst. Like an
mmiunition depot, it 15 of lLittie 1importance

ut is 8t 28t more vulnerable 9 weapers
efiecis,

O1f Refineries—A “good” target for undey-
ground bursis both from weapons effective-
ness and target importanze

Cii Storage Tanks—A “good’” target for air
or undersround bursts; of less importance
then refineries bul more vulnerabis.

Piznelines and Pumping Stations.—Aa “pooi”
target for ground and underground weapons
because of invulnorainiity and ezse of repair.

/.
. -

Port Depots~+~ “fair” target for all types
of atomic bursts. The military worth is lim-
ited by the weapons efiectiveness despite the
possible importance of such storage facilities.

Reservoirs and Aqueducts.—A “poo:” target,
lergely because of the small importancs at-
tached to such targets. Und=.ground weap-
ons are, however, quite effective.

Various Dumps and Depois.—At best, “lals”
targets for air burst weapons. Single dumps
or depots are of relatively little importance.

MISCELLANEOUS

With few exceptions the targets listed in
this category are of no military worth -
marily becatuse of the negligible importance
attached to them. Nolable exceptions are:
Cities and Buili-up Areas and Headquariers
and Camps both of which are “excellent” tar-
gets for an air burst atomic weapon from both
importance and weapon effectiveness; Dams
and Levees a “good” target for an under-
ground burst; Seaplane Bases a “fair” target
for air, underwater or an underground burst
with surge; and Submearine Pens are “fair"
targets for underground bursts.

COMPOSITE TARGET ANALYSIE

In the next phase of target analysis situa
tions will be considered in which are included
varicus combinations of targets including
those evaluated in the previous section. One
type of analysis might be to determine the
teasibility of destroying all the storage facili-
ties, or on une reliroad facilities, or all per-
soanel of a certain type. Ut must be consid-
ered valuable w examine 83 many as possible
such eomposit~ targets. As an initiation to
anch work it has been ceciled profitable to at-
iewnpi ui anaiysis ui iue various types of func-
tioning coniponents compesing ground forces
as evidenced in the categories of Forees: in-
iantry, armor, artillery, tactical 8'~: wd Lo-
gistics: transportation, gtorage, Yables XLIT
and XLIV areé 50 composed. A preliminary
evaluation of the profit of using atowmic weap-
ons on these variove ctmpeneni: ean b gb-
talned by »ven a cursury osaminaticn Af Table
£L3IV. The iimitations of this tabie for such
analysis are evident. -This is not & complete
list of all the individual fargets composing in-
fantry, artiuesy or any of the rest. Nothing
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is said of the Wi#MBer of such targets which
wouid have to be considered &nd, short of set-
ting up a complete field situation, very little
cap be said of the relative importance of de-
stroying any combinat.un of targets. Indeed
it is evident that it will be neressary to as-
sume various field situations, analyzing each
in great detail befure dependable conciusions
can be formulated. ORO proposes to under-
take such an analysjs in the immediate future.

Meanwhile, much can be gained by examin-
ing the evidence in Tables XLIIT and XLIV.
Table XLV summarizes this information by
considering only the letter of merit of the
best kind of burst of attacking each target.
Under Forces, for 11 out of 15 targets, an
atomic weapon can be used with “good” or
“excellent” results. Under Logistics, however,
for 17 out 25 targets there is no weapon which
is better than “good”. Infantry seems to be
& good target. Armor is at best a fair target
and it is noted here that this occurs only for
a ground or underground burst for which the
area of damage is relatively small. Artillery
is vulnerable, it is suggested here, because
artillerymen and communications are vulner-
able. Tactical air is a gond target if an under-
ground explosion will weaken the substructure
or will produce a displacement changing
ground contours over a large area.

For the sake of completeness, of the original
54 individual targets, those not classifiable as
either Forces or Logistics are listed in Table

Anglysis of Military Assistance Program

?
small military worth of these targets is merely
indicative of the general nature of the targets.
Cuties and bullt-up areas and headquarters
and camps are excepted.

To support the foregoing considerations, the
components of Forces and “ogistics wiil he
discussed.

FehﬂDQ

INFANTRY

It is difficult to determine the suitability of
infantry manenvering in the field as a target
for atomic weapons. A certain number of n-
fantrymen having been determined as a su.t-
able target for an atomic weapon, it may thzn
be stated axiomatically that when any boly
of infantry exceeding this number is observed,
there is presumsbly little difficulty in a de-
cision to use an atomic weapon. If one atomic
bomb would inflict 50 percent casualties on
one division of infantry, an arbitrary judg-
ment might be made that the use of an atomic
weapon would be very profitable. Indeed, if
it could be assumed that 50 percent casualties
could be inflicted on 100 divisions of infantry
with 100 atomic weapons, such a use would
be decisive. In actuality, a deployment of in-
fantry in the field is such that such a con-
centration is seldom realized. The number of
atomic weapons required to cause 50 percent
casualties within a division of infantry de-
pends on the type of operation, ie., offensive

XLV under “Miscellaneous”. The rather or defensive, kind of fortification and, most im-
TasLe XLV
COMPOSITE TARGET ANALYSIS, FUNCTIONAL BREAKDOWN
NUMBER MILITARY WORTH OF TARQET ATTACK BY MOST
TYPE OF TARGET (2 EFFECTIVE WEAFON!
TARGETS e | & 1t | p | =»
1. Forces:
Infantry .. . . .. .. . 11 5 4 2 0 0
Armor. . . . . ... . . 1 0 0 1 v 0
Artillery.. ... . . . 2 1 0 1 0 0
Tactical Air... . . ... . i L3 By i o K
156 (] 5 2 a 9
II. Logistics:
Transportation. . .... .... .. .. 15 0 8 5 { 4
Storage e e 10 0 2 4 4 0
25 0 8 9 4 4
II1. Miscellaneous. . e e 14 2 1 4 0 7

: e=exceiieny, g==good; f==fair; p=poor; n=r.o good.
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portantly, upon particular fleld situations
which are radically different.

I the px 'inciple of dispersal is applied, then
the analys’s must involve a determination of
how !a2rzc the interval between infantrymen
can be made as opposed to how large it must
be made so that an atomic weapon may not
be used profitably. It is judged that the pres-
ent spacing of approximately 15 yaxds be-
tween infantrymen is the maximum spacing
that will allow the necessary communication.
The first effect of a judgment that on the
average under operational conditions in-
fentrymen are a suitabie target for atomic
weapons would be to reanalyze the possibility
of greater dispersal of the infantry invelving
individuals, platoons or perhaps regiments.
A preliminary judgment based on existing re-
ports Is that if 3 to 5 weapons could be suit-
ably aimed at a division of infantry, the re-
sulting demage would leave the entire divi-
sion incapable of defense or, would effectively
counter an offensive by such & force. On the
other hand, infantry can be rendered nearly
invulnerable to an air burst by suitable de-
fenzse measures, strong fixed fortifications in
particular. It should be emphasized here that
infantry is a relatively fost moving target.
Even if intelligence information determined
that a suitable body of infantry had been lo-
cated, thc weapon would have to be used very
quickly to reduce the chance that, even if
almed properly, it would not fall an the target.

It is possible to make an exhaustive and de-
tailed anaiysis of the vulnerability of infantry
to atomic weapons for the various types of
fleld operations. This has rici ween done any-
wi..re to date but such an anslysis is to be
started irmediately at the Operations Re-
search OCffice. Meanwhile & preliminary
judgment, which is considered quite realistic,
is that the use of atomic weapons on maneu-

vering infant:y in the field should be planned,

ARMOR

Contrary to a widespread opinion that ar-
mor ie quite ipvalnerable to an aix burst
atomic bomb, cvrrent studies in prozress at
ORG give indications that for appreciable dis-
tances from an air burst significant auinbers
of desths and incapacitations may be inflicted
on persoinel inside tanks by the nucleer radi-

g of

ziion, P rays, penetrating
the {ank walls also that for apprec!able dis-
tances the blast effects may be sufficient ic
move the tank with sufficient acceleration to
produce personnel casualties and material
damsge. It is also thought that if the height
of burst were reduced, or if the burst were on
the ground the wrea of persouncl and ma-
terial damage may be increased. These re-
sults are purely tentative, pending further
study. Analysis may, therefore, show thai
atomic weapons burst either in the air or on
the ground may be used profitably against
certain concentrations of tanks.

ARTILLERY

A rather more complete analysis will be
made of tiic effect of atomic weapons or ar-
tillery. There is considerable evidence that
artillery is highly vulnerable to an air burst
atomic bomb, and, indeed, one atomic bomb
can reduce the (artillery) fire power of 3 di-
vision encrmously and make the entire di-
vision highly v:lnerable to conventional weap-
ons and methods of attack.

In the decision to use atomic weapons
against artillery the following factors are im-
portant:

1. Importance of artillery;

2. Ta:get presented by artillery,;

3. Effect desired;

4. Comparison with other means of neutral-
ization.

It is shown that an air burst is the most
effective use of an atomic weapon against ar-
tillery. Other fortns of atomic weapon3 have
specific iimitations which become apparent
from this a.nalysis

1. Imporiance of Artillery.—The artillery is
generally recognized as being indispensable to
both the attack and the defense of any con-
tended position. Its mission, a3 stated in
Army Field Manualr. .2 ‘to furnish ciose and
continuous fire support by neutralizing or de-
stroying those targets which tireaien iize suc-
cess of the supported infanicy, by neutraliz-
ing cr dex*erying nhostiie artillery. ficlug on
hostile reserves, rastric.ng movement in ho
tile rear areas, and disrupting hostile com-
mand agencies.” Without this support and
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in the face of opposing artillery fire, no po-
sition can be reasonably defcnded and attack
is out of the question.

2. Target Presented by Arlillery—~The
frontage of an US infantry division is nomi-
na..y 10,000 yards on the defense and from
3,000 to 5,000 yards on the offense. The dis-

Analysis of Military Assistance Praiilitary Assictance Program

position of the 3 infantry regiments an tantry regiments snd the
4 orgaaic artillery battalions per divisiobattalions per division are
shown in Figure 35 of a sector with 2 3-Giff a sector with a 3-divisicn
front. Ii will be observed that 2 of thgf,sewed thas 2 of the 3 in-
fantry regiments divide the division frafivide the division frontage
and extend to a depth of 3,000 to 4,000 #ty; of 3,000 to 4,000 yards,
tending to the greater depth when ?;eater depth whez on de-

] .
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3000 yds Ofianse

Reg 4000 yds Defense

Reg

— —— ———— v — ———

Artillery Zone
2000 to 3000 yds deep

q § Organic Arty Bn

| | Bn from Reserve Div

3 or 4 Bn from Corps Arty

— — —— ————— o—

Reserve
Inf
Reg

X
X
|

\

Reserve |nf Div
4 Arty 8n
Suppor. ihove
3 biv

|

|

Figure 35.—Artillery Supporting a US Infantry
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fense. The artillery battalions are located
behind the 2 front infantry regiments and
extead back to 6,000 yards. The third infan-
try regiment is held in reserve behina the ar-
tillery.

In a normal situation an artillery battalion,
of a reserve division, as well as 3 or 4 artillery
battalions of the corps artillery, will be em-
placed i the 2,000- to 3,000-yard section with
the organic artillery battalions of each of the
3 front line divisions. Thus, in tk< ordinary
defensive situation, 8 or 9 artillery battalions
and about 5,300 trocps may be expected to be
found in a band 2,000 yards wide and 10,000
yards long. The corresponding offensive ar-
tillery zone is about 3,000 yards wide and 3,000
to 5,000 yards long. Since each battalion has
approximately 54 guns, a concentration of
approximately 400 guns will be found per di-
vision front, i.e, in {from 1.7 to 6 miles.

In contrast, the Soviets are belleved to have
a normal offensive concentration of 300 guns
per mile which is appreciably greater than the
most dense US concentration. However, the
Soviet artillery zone extends somewhat far-
ther back than does the US artillery zone.
This is possible not only because of heavier So-
viet artillery, but because a typical Soviet ad-
vance 15 along a wide front, but siow sad with
& limited objective. Thus, the artiiery does
not have to be up close at the start of an ad-
vanee, a3 does VIS artillery, in order to pro-
vide artillery support ahead of the sdvamce.
However, in accordance with present military
concepts, artiiiery committed to fire cannot
rurther be dispersed and remain effectivs.
Dispersion in ¢~pth is sl possinle, as the ef-
tective range and coverage of a piece is com-
promised. Lateral dispersion along the front
is no solution either for the Soviets or
ourselver i Sovie! tactics, involving an ad-
vance over a wide front, lateral dispersion
could support only a limited area at each end
of the advance. Ir US tactics artiliery from
battalions adjacent to the smaller attacking
front are at present diverted to support the
attack so that, in effect, no greater dispersion
can be realized.

3. Effecé Desired~-The effective neutrali-
zatier of artillery is not accomplished by de-
stroying the artiilerv uiece itself, though this

Sonpfs-

SR

would be desirable. Unlike personnel and
buildings, an artillery piece itself is retatively
immune to an atomic weapon as it is also rela-
tively immune to high explosives. However,
effective fire from artillery is the end product
of a necessary and well integrated chain of
events. The individuals resvonsible for this
fire extend irom the cbservetion peot, the bat-
talion command post, the fire control station,
to the gun crew itself, and each of these po-
sitions requires close radio or phone commau-
nication to produce effective fire. The indi-
viduals involved are highly skilled. Although
relief crews are maintained, they are the ex-
tent of the “reserve artillery” and will be found
in the artillery zone when not on duty. To
simplify: although = reserve infantry division
is generally maintained, “artillery is held in
reserve only when the situation is so obscure
that the sector in which the bulk of the ar-
tillery fire power will be needed cannot be
foreseen.” (The Soviets, parily because of
special limitations at a front as well as their
emphasis on infantry and artillery, have ar-
tillery divisions as well as infantry divisions
which are actually held in reserve.)

It follows from the preceding that the de-
sired effects on artillery as a target are the
destruction of the ‘rained personnel and the
disruption of the ilre control system. This
can best be accoemplished by an air burst.
Such damage as will occur to these artillery
pieces sufficiently close to ground zero is sec-
ondary. It should be realized, however, that
although an artiliery piece is built to with-
stand the shock and recoil of “fire”, random
shock may well be expected w damage car-
riage, mechanisas, and sights.

Surprise in an atomuc attack against ar-
tillery is important. It is estimated that an
air burst would kiil 50 percent of the per-
sonnel within the cpen lethal radius of the
bomb and would effectively elim’.z.e from 2
to 4 arthiery battalions and reduce the effec-
tiveriess of even mere. Even were the error of
delivery approximatsty 1090 vards so that
ground zero was n . centered v e artillery
zone, ~.-nalf of the artiuizy meni’,ned pre-
viously would be eliminated pius some in-
fantry battalions, In any event, the fire con-
crol systemr would be disrupted, and would re-
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main so at least until radios could be brought
in and the network re-established.

The importance of artillery as a target is
brought out further by detailed comparison
with an infantry regimen.. Because of gen-
eral training in infantry, if 50 percent of the
personnel are lost, there still remains one-half
an infantry regiment which could be expected
to do about half the job of the whole regiment,
not considering the effect on morale. In con-
trast, if 50 percent of an artillery battalion is
108t, then it must be assumed that one-half of
the skilled, key personnel are lost and, miss-
ing these vital links in the sequence leading
up to fire, the effectiveness of the artillery is
reduced to nil. Further, infantry is gener-
ally held in reserve, whereas artitlery seldom
is.

4, Other Means of Neutralization.—The ef-
fectiveness of other means of neutralizing ar-
iiliery is dramatically iilustrated by the cas-
ualty figures from the past war. In an in-
fantry division 93 percent of the casualties
were among the infantry regiments; only 2.4
percent were among the artillery battalions.
To show the pro rata incidence of casualties
these figures would have to be corrected, since
there are three times as many infantrymen as
artillerymen. Even so, it appears that there
is no other really effective weapon for the de-
struction of artillery. Largely because of this
fact, reserves and replacements for artillery
personnel were (and still are) a very minor
consideration.

5. Concl..sions.—(a) Artillery is a good tar-
get, particularly as now organized (%) Rec
ommendations tur defense:

(1) Dig in deeper;

(2) Evacuate relieved gun crews from vi-
cinity of pieces;

(3) Increase “cross-training”;

(4) Maintain mobile ar’illery reserves;

(5) Train more replacement personnel;

(6) Develop longer range artillery to effect
dispersiun;

(7) Protect fire control system;

(8) Add reserve artillery batialion to each
division.

TACTICAL AIR

A complete analysis of the vulnerability of
tactical air to atomic weapons will not be
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made here since this is an Air Force problem.
However, the imporiance of tactical air sup-
port of ground operaticns is such that it is
necessary to assess the vulnerability of tactical
air in order that an analysis of the function-
ing of a field army may be made. Studies
have already been made which indicate that
an air burst atomic bomb is highly effective
against air flelds. The effect, of course, is to
damage the hangar and repair facilities, to
destroy standing aircraft within a large
radius, and to kili any exposed personnel.
However, the analysis also shows that use of
the runways is not denied for a period longer
than about 10 days. It is, therefore,, neces-
sary to use atomic bombs periodically in order
to keep a tactical air icrce from operating
effectively. According to existing estimates,
a large number of atomic bombs, approxi-
mately 500 to 1,000 per month, would b2 re-
quired to keep the Soviet tactical air force
within a distance of 500 to 600 miles of the
Rhine from operating. Even the prime neces-
sity of attaining air superiority does not sug-
gest that such a large number of atomic bombs
could be so used. ’

There is, however, a possibility that other
types of atomic weapons could be built which
would actually deny ‘he use of the air flelds
for longer periods of time. For example, a
penetrating type of atomic bomb with jels
might so weaken the subgrade and soil struc-
ture of an air field that a strip could not
profitably be repaired to suppori heavy air-
craft. Again, there is the possibility that an
atomic bomb exploded 100 feet or more unde;-
ground would, in addition to producing a
crater 500-1,000 yards in diameter, produce
sufficient earth movement in the vicinity to
destroy the runways. Qrest emphasis should
be placed on uetermining the effects of under-
ground burst. Indeed, if the preceding two
eftects are possible, such a weapor *ould be
of tremendous importance in its utility in
uveuying use of tactical! air flelds for lvng
periods of time.

SOVIET LOGISTICS

Currently much eifort is being directed to-
ward examuuv ticn of the Soviet logistivs sys-

i




’

Appendix B

tem. It is not the purpose here to present

a complete and detailed analysis of ail the in-
formation that is available. An attempt,
however, will be made to point out the limita-
tions of knowledge and the implizations of
some of the information upon which there is
general agreement. It is belicved that the
Soviet logistics system is more vulnerable to
attack than our own, predominantly because
there is less tendency to stockpile in either
the communications zone or combtat areas.
This policy not only enhances the vaiue of So-
viet transportationa! targets but storage fa-
cilities as well if and when they can be found.
It wil.\be shown here that, in spite of this, So-
viet logistics are not suitable for attack by

omic weapons bui rather for attack using
other conventional means. A running dis-
cussion cf Soviet logistics will be given, start-
ing at the front line area.

Supplies of all kinds are certainly stockpiled
in the combat area. It can be assumed that if
dumps or depots in the combat area are suffi-
ciently large, they would be gond targets for
aQ air burst atomic bomb. There is, however,
no evidence using information derived from
either the Soviets or from the Germans that
during the last war the forces of the USSR
constructed Jumps or depots of such a size in
the combat area. This is not to say that such
dumps or depots did not exist. There might
have been a few. It is more reascnable to be-
lieve, however, that there would be a tendency
to construct a large nvmber of small dumps
rather than a gmail nuinber of large dumps.
Until evidence is obtained that the Scvicts
plan to cones: .rate supplics in dumps suffl-
ciently large and of a sufficiently critical na-
ture to be judged a suitable target for an
afomic weapon, it is impossible to predicate
a requi.c.nciib for atomic weapons on a need
to use them against such targets. However,
even small dumps and depots when they are
found during the course of a battle are suit-
able for attack by conventional means of one
sorf or another as, for example, by high ex-
plucives or incendiarizs.

The vystem of roads and highwags connect-
ing dumps and depots in the combat area with
the communications zone are not good targeis
for atomic weapors. Not only may damaged

i

st

ds hways be readily repaired but
such damage is generally easily avoidable
by short detours. Certainly on occasion it
may be proper to use a suitably designed
atomic weapon on the highway bridge or tun-
nel which for some reason is of importance.
In general, however, it must be concluded that
highways should not b uitaczed wiha atomic
weapons. Although a truck ceavoy on a high-
way would be greetly damaged by an air burst
atomic bomb, the importance of a truck con-
voy would not warrant the use of an atomic
bomb. Here again, conventional means are
very effective as, for example, strafing by tac-
tical aircraft.

Soviet truck convoys criginate at railheads
and, certainly, an atomic bomb will knock out
the facilities at a railhead. However, in gen-
eral, railheads are not of great enough im-
portance, since the effect would be merely to
move the railhead farther back along the rail-
road. Railroads themselves cannot be cut
with an air burst atomic bomb. It is true
that railroad bridges and tunnels may oc-
casionally be of sufficient importance to war-
rant their being knocked out at almost any
cost.

larshalling yards and transfer points are
in some respects gcod targets. An air burst
would destroy rolling stock and maintenance
and repair facilities. Certainly there would
be many personnel casualties. An air burst,
however, will not deny the use of a transfer
point or marshalling yard for a great length
of time. There is an exception to this in that
an underground burst with base surge might
contaminate a marshalling yard so that it
would not be profitable to use it. Here again
the profitability of using an atomic weapon
would have to be on the busis of the impor-
tance of the marshailing yard or trans’er
nnint. In central Evrops there is a marshall-
ing yard in almost every smell ci.; .nd it has
been pointed out that it is usually possible to
shunt rolling stock around any particular
point. It is possible that a complete analysis
would indicate tha. with a iioy*~3 number of
atcmn’c vombs a sufficiear i»umber < * ,narshall-
ing yards and other railroad {facilities could be
temporarily demied in such 2 way that the

whole Soviet{ railroad transportation system
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would break down. Such an analysis has
aot yei heen made, and at the present time
it must be assumed that railroads and railroad
facilities of all sorts are not profitable targets
for atomic weapons.

In conjunction with the railroad system in
the communications zone, supplies of all sorts
are maintained in depots and dumps. Taking
a very narrow point of view, if the line of the
Rhine is held, then East Germany and per-
haps western Poland will compose tne Soviet
communications zone. At the present time
it is known (Special Intelligence Summary,
Intelligence Division, Headquarters, Euro-
pean Command, 1 November 1949, No. 48, D-
2628} Lnat hundreds of Soviet depots are now
maintained in this area. It 1s considered that
the intelligence information with reference to
these depots is very reliable. However, of the
hundreds of depots, an exceedingly smalil num-
her are large enough to be suitable targets
for atomic weapons. If depots of sufficient
importance exist or will exist in the Soviet
communications zone, there is no evidence
in the intelligence now available.

Insofar as the zone of the interior is con-
cerned, there is again no intelligence with re-
gard to the existence of depots which might
ke sufficiently large and of sufficient impor-
tanc~, to warrant the use of an atomic weapon.
It may be stated categorically that there are
more imrportant targets for atomic weapons
in the Soviet zone of interior than the possi-
bly existent supply depots. An over-all con-
clusion, therefore, qualified on the hasis of tae
limitations of cxisting information, is that an
attack on the Soviet logistics system should
not be planned using atomic weapons. If
logistics ~~ divided into components of trans-
portation and storage, it is concluded that
storage facilities are slightly better targets
for atomic weapons than are transportation
facilities, This con~lusion is resched not only
oecause of the relatively larger area of the
storage facilities as compared to the trans-
portational facilities bt because oi the exist-
ence of a well integrated transportation net-
work which permits re-routing and shunting
of carriers.
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US LOGISTICS
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With respect to the defense of western Eu-
rape the US logistical problem is much more
difficult than that of the Soviets, primarily
because of the severity of the problem imposed
by an intervening ocean. However, much of
what has bheen said about the Soviet logistics
system will apply to our own.

Although there were situations in World
War II in which there existed depots and
stockpiles of supplies and equipment of all
sorts which would have made excelleni tar-
gets for an air burst atomic bomb, there is no
evidence that dispersal would not have made
these unsuitable targets. In fact, if one 1p-
plies the criterion of dollar value of material
destroyed compared wiih doliar value of an
atomic bomb delivered to the target, and as-
sume that the latter value is approximately
$2,500,000, it is immediately evident that de-
pots and dumps the total value of which is
greater than the preceding amount need not
be constructed. Of course, there is much more
involved in the decision that a target is worth
an atomic bomb than the relative value.

Ports and port areas are a unique preblem
of US logistics. No attempt will be made here
to give a complete analysis of the profitability
of knocking out tht US logistics by denyirg
the use of ports and port areas in Europe.
Many agencies are already aware of the threat
to our lines of communication if the Soviets
can knock out the few large ports open to
us. If, by any of the means available to the
Soviets, thesc ports or any that we commit to
large scale us2 are denied to us, the posstbiiity
of using many small ports and beaches be-
comes important. So far as is known, no re-
alistic estimates attest vhe feasibility of pass.
ing supplies and equipment through small
ports and beaches in guantities sufficient to
support a major effort in western Europe.
This is nevertheless the kind of _~.blem for
which a solution seems possible, even recog-
nizing the difficult probiems of unloading,
handiing, storage and fransportation which
are raised.

At uany rate, { is important to I Low what
damage atomic bombs can do to port areas.
in some respects there is the possibility that
the port ~#n be denied for & long pericd cf
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time by the loss of vital handling equipment,
local labor, end the sinking of ships in berths
or vital passageways. In most respects, how-
ever, atomic bomb damage would not deny
the use of the port for any great length of
time. Certainly there w.uld be great loss of
ships, suppiies and equipment s&koard ship
and stored in the area.

The best assumption, however, seems to be
that with one means or another the Soviets
can deny the US use of the small number of
large ports and that it will be necessary for
the US to rely on a large number of small
ports and beaches. On the basis that there
must be an adequate solution to tbe iatter
problem it is judged that, generally speak-
ing, the US logistics system will not be a suit-
able target for Soviet atomic weapons.

REQUIREMENT FOR VARIOUS TYPES
OF BURST

Even though the foregoing target analysis
is qualitative and the merit assigned to indi-
vidual targets may be changed as further work
i3 done, the accumulation of evidence will in-
dicate some trends which are significant. In
this seciionn the relative importance of the
various types of burst and of radiological ef-
‘ects is analyzed.

Table XLVI is taken from Table XLIV and
st..ws only the best type of burst for each
target. Against 13 of the 54 individual tar-
gets no type of burst had any value, ie., the
best letter of merit was n.

Table XLVII, obtained from Tables XLIV
and XLVI, summarizes ail the target data
under the three beadings of number of taigets
for which the worth was (1) poor or fair, {2)
good or excellent, and (3) the nunmiber of
targets for which the type of bursi was the
best or tied for best,

AIR BURST VS GROUND BURST

The consideration here is whether or not
the FM type of bomb should be provided with
a prosinity or contact fuze so ‘hat the ex-
plosion will occur between treetop heighi and
the ground.

Individual Taiget Consideration.—Table
X1 VII shows that hoth air burst and ground
burst have great effect on many targets.
4+

-

5

About two-thirds of the 54 targete nave some
wotth for beth air and ground burst.

An air burst i ;yood or exeefient for the
following targeis:

1. Staging areas for airborne assault;

2. Airheads;
Staging areas for amyphibions assault;
Amphibicus landings;
. Defiles (troops);
Infa.ntry (offensive) ;
T a:snmhl}r omgg
X Artillery (manned);
. Rallroad maintenance and repair shaoys;
10 Shipyards, naval operatiiig bases;
11. Vehicle and equipment asserably avees;
12. Oil storage tanks;
13. Cities, towns, built-up arzas;
14, Headyuurters and cawyus.

A ground burst is good or excellent for tar-
gets 1, 2, 3, 4, 6, 8, and 13 on the preceding
list. In addition, railroad =ard highway
bridges, viaducts and frestles, and armor
{manned tanks) may bte suitable in special sit-
uations. It is noted here that bridges sre
probably good targets for a ground burst only
when dellvered by a guided missile with an
accuracy of 200 ft circular probable errer or
better.

From Table XLVTY, an air burst is best an
26 targets and a graund ourst on 16, Nine
targets are common to both,

Of the remainder, there are 7 targets for
which a ground burst ig hoth ihe best of all
bursts and superior to an &air bursi. From
Table XLVI these are:

. Armor—good.

. Highway hridges and visducts—good.
Reallrcad bridges and trestles—good.
Railroad trausits points—Iair,

. Pipelines and pumping stations—poor,
Reserveins and agueducts—pooi.
Submarines, suyfaced-——fair.

Armor will be discussed in the 1. ¥ sectien.
Bridges, trestles, and viaducts have already
bean referved o, and the rest being either Yair
or peor Wil not be trested,

it is nnw possibee wutatively 1o conclude
thai .. proximity or cuntect {uze .2 an ¥id
type atomic bomb is necessary (frein the pomt
of view of individual targels) principelly for

©®-Io o
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bridges, iresiies or viaducts. With the excep-
sicyn of these vargets for all those armor taken
into consideration in the preceding two lists,

7 air burst fuze will do eversthing that can
be done by a ground buxrsy "nd mova.

Compasite Targel Consideration.—Yiow ref-
erence 8 made o composite targets te see i
the foregeing conclusicn (thaf a ground burst
ig nob requived) is consistent.

. Infentry—~ground burst not needed, air
hurst 15 much the betfer.

2. Armor—ihis is an exceplion. A ground
burst s pood and is the better type for armor.
Stheuld it become really impertant to use
atomic wegpons on atrmor, & ground burst
wouid e prefersble (the air burst is also ef-
fective but to lesser degreey. The under-
ground burst may aiso have bearing here and
will be mentioned later.

3. Artijlery-—air burst 15 better.

4. Tacticat wir-—nir burst is betier (under-
ground mgy bte best, ss mentioned later).

5. Transportation—air burst is better, ex-
cept for bridges. A .>wance should be made
for possibility that knocking out bridges with
gruided missiles may become important.

6. Si{orage——air durst is bettey.

Analysis of Military Assistance Program

It is concluded that except for armor and
hridges there is no real necessity for & ground
burst,

NECESSITY FOR UNPOERGROUND
OR UNDERWATER BURST

A penetrating type of weapon +*ich as LC is
nesded for underground or unagiwates burst
excepting, of course, for such weapons as de-
lay action mines Jaid by craff which have not
been considered here.

Individual Targel Cuonsideration.—Table
ZLVII shows that underground or under-
water bursts may have great effect on many
targets., An underground burst without °
base surge has poor or falr worth for 33, goed
or excelient for 8, of the I3 targets, and is the
best or as good as the best for 21 targets. With
a base surge the underground bursit is poor or
fair for 31, gocd o1 excellent for 10, and is
best or equal to best {or 26 targets. The pres-
ence of & base surge increases the effectiveness
and worth of an underground burst. Under-
water burst with poor or fair worth for 7, good
or excellent for only 3, and best or equal to
kest for only 8 targets is not as impressive as
underground bursts, obviously, because the

Tarre XLVI
MILITARY WORTE GF TARGETS; SHOWING BEST BURST ONLY
(8elected from Table XLIV)

MILITARY WORTH (ORO)

A | ¢ | uve | ues | tw | RW

1 Forves:
4. Intenwys

. Btaging Avess for Airsorne Assault . .
Airpeads
. Steging Areas for AmpblblOds Assauit
. Amphibious La.xdmgs .
alow .
Command Posts
Defiles (Trovps)
. Fixed Fortitications.
. Infantry {Offcnsive) .
, Infeaery (Defending Light Fortiication)
. Troop Assembiy Arens
R Armaon:

1. Tanks.
C. Artillery*

1 Astitery (Manned)

% AT n]\,l'_y \E(‘,‘. ,o'.n(.‘l"v,
0 Toctizal Ajr

1 Airﬁclds .

bl N 4 _~:_¢o;~n>m_-

e e
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———— e em——

_ MILITARY WORTH {JRO)
A ] ¢ | UG 1t Uugs ] UW | RW

1. Logistica:

A, Tragsportat.on,

i. Barge Concerteations .
2. Canal Locks .

. Mighway Bricges and Tiaduues
Highway Rieht of Ways
. Motor Vehicle Repair Facilitie,. .
Port, Aress ... . . .
. Railthesds. . .
Railroad Bridges an:i "‘fen‘-” e .
. Railroad anmnwce and R.epe.h \“h'\ps.
. Railroad Marshalling Yards. . .
. Ralb-ad Right of Ways. ...,
. Rallroad Traosfcr Points. . .
. Shipyards Nava! Operating B:ses
. Tunnels. . R

15. Vehicles and Jqulpment Assemaly Arne.q.. .
B, Storage:

1. Ammunition Depot... .

2. Gas Dump (POL).... e e
. Oil Refiporiea .. e e e e e
. Oil Storage Tanks... .. . ..
PRipelines ang Pumpiug Stntions . ..
Port Depots..... .. e e
Reservoirs and Auueducts e e
. Solid Fuel Storage. ........ .....
. Bupplies, General ( I)umps and Depc.,z.} e
. Military Supply Depots. .

-t
»xzt—cc;mqp:n»oa

Lt e
W

omoo.slpa_c-»w

—

II1. Miscellaneous:
Cittez, Towns and Built-up Aress.....
. Communication Centers. . . . . . .
Dams aud Lovees. ....... . I
Headquarters and Camps. .. . ... . . ..
. Mineable Arees.. .......
. Power Plants, dydroelectric.
. Power Plants, Thermo-electric . o
R&dﬁf Slm P e e e .
. Rocket L.aunching Si bcs s
. Se&plax . Bases.. . .. ...
. Submarine Pens......... e . .
. Submaiicos, surfaced. . ..... ... ... L.
. Submarines, subirerged.. . .......
Transformer Substations e e e
Total.. . . . ... il e e

Tctal Nuanber of Targats ................

P ONBO SN

Sk gtk Sk ek
WO

e
-

[
&

-~
ook~
M-I - L - B LB X -

o
DWT e R R T

-~ gt

26 16 2t 26 1 n

R1 54 54 b4 2 b4

targets veing considered are i mnst instances
not near water.

It will now be assumed that air dburst will
be available but that ground burst wil’ not.
Further, it will be assumed that a requirement
for underground or underwater burst will be
considered es needed ior only those fargets

youon

w2t glready determined highly vulnersble to
air burst. Taai is Lo say, in Table XLVI only
+aroets are new coridered icr v iLh the best
method s the undergrouwd or = Jderwater
burst and net the afr burst. So, {or example,
airi;orne assaull staging areas wiil not be con-
sidered sii.z> they have excellent worth for

N
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Tapry XLVII
SUMMARY OF BURSTS

NUMBER OF TAKRGEIS OUT OF 54
HAVING MERIT OF MILITARY
T'ORTH INDICATED

TYPE OF BURST 0 @ 1T ®
Pooror | Goedsr | Best

Feir Excellent | Effect
O 7 14 26
G... ... . 28 10 16
UG.......... ..... 33 8 21
TGB... 3 10 26
UW.. oo 7 3 8
RW.............0 17 0 4

doth air and underground. Then referring to
Table XLVI, the following targets are to be
considered:

1. Command posts good
2. Armor good
3. Tactical air fields good
4. Highway bridges and

viaducts good
5. Rallroad bridges and

tresties good
6. Railroad transfer points fair
7. Tunnels good
8. Oil refineries good
9. Pipelines and pumping

stations poor
10. Reservoirs aud aqueducts poor
11. Submarine pens fair

This group inctudes some very important
targets. At this point in the analysis the con-
clusion is that un air burst alone will not de-
stroy all imporiant individual targets. 'Two
questions are pertinent to the decision o pr.-
vide a penetra.ng weapon giving an under-
ground or underwater hurst:

1. What accuracy is required?

2. Should a penetrating type guided missile
with an atomic warhead be developed?

These questions will be crasidered later in the
study.

Composite Target Consideration.—The fore-
going, conclusion ihat the air burst does not
solve ail probiems is substantiated by the fol-
lowing:

1. Infantry—inability to destroy command
posts is not oritical

2. Armor—4ii armor must be attacked with
atomic weapoas, a g:.20d burst is more effec-
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tive than either an air burst or underground
burst.

3. Artillery—air burst best.

4. Tactical air—if an underground burst
will deny use ¢f an air field for a long period
of time as has already becn disciissed, then an
underground burst is very essential even if
annficable to this target

5. Transporiation—of the {argets involved,
bridges and tunuels are most important and
indicate a need for either ground or under-
ground burst.

6. Storage—underground burst is impor-
tant for ol refineries and submarine pens
alone.

IMPORTANCE OF RADIOLOGICAL
WARFARE

Table XLVI shows that radiological warfare
has poor or fair worth with respect to 17 out
of the 54 targets; on none is its worth good or
excellent, but on 4 targets (billets. infar}try
in light fortifications, railroad transfer points,
and fuel dumps) it is best, though on a par
with other types of bwst. In each instance
the worth is only fair.

In view of this evidence it is difficuit to con-
clude that radiologicel warfare has great util-
ity In ground operati ms. However, it is recof-
nized that this report, treating the subject in
a manner similar to all other reports to date
on this subject, has assumed that radiological
warfare would not be available in sufficient
quantities for denial of entry or passage but
rather for harassment. At the present time
it is beginning to be recognized that the de-
velopment of preduction facilities in the next
five years may make it possible to stockpile
large quantities of raaiviogical material and
that ultimately the restriciion will not be How
much can be produced? but What i3 the cost
of production compared *o its military utility?
It must be recognized that perh~v: the out-
standing difficulty encounterea in evaluating
radiological warfare stems from the strange-
ness of the concept to military thinking. De-
efruction of perscwne! and material is en-

~vn‘ried with & feeiing of tamilicrity but the

Jncept of temporary denial {¢ passage, entry,
ar aceupancy is so unusual in military analysis
as to regvire very careful consideration.
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ACCURACY OF DELIVERY

Thc probiem of accuracy of delivery is very
important. It has already been stated that
the principal advantage of a guided missile
with atomic warhead ovus high altivude pomb-
ing is in the accuracy of delivery. It has been
stated that to obtain such accuracy, 1t is nee-
essary to sacrifice some efficiency of explosion,
which gives, in gencral, lower energies for a
guided missile warhead than can be obtained
in a bomb. Also for some time to come guided
missiles will be much more restricted in range
then heavy bombers.

It is almost a truism that, other factors be-
ing equal, greater accuracy is to be preferred.
On the other hand, situations can be imag-
ined where this is not the case. Suppoee, for
example, that the radius of the target is very
Incge as compared to both the damage radius
and the error in delivery and that it is merely
required to place the weapon so that the dam-
age area is anywhere in the target area.
Recognizabily, there would be no necessity to
reduce the delivery error below a certain \ alue.
Another example is that of a target of re-
stricted dimensions and a damage radius for
the weapon very large by comparison. Be:ow
a certain value of error in delivery there would
be near certainty that the target area would
be inside the damage area.

There is, in general, in connection with the
employment of atomic weapons a requirement
that only the cnemy ke damaged. In using
these weapons in ground operations, applisn-
tion of this 1 juirement necessitates exami-
nation of many situations and it wiil not be
possible to give a simple accuracy requirement
other than perhaps to state 2 maximum ac-
ceptable error.

Following the develupment of adequatc
mathematical formulation it is planned in this
office to obtain gquantitative solutions to these
probiems of asccuracy, It is believeq thai
qualitative ibinking will in many situations
lead to erroncous conclusions. Several ex-
amples will now be given using the mathe-
iatics which ig giready available to indicate
some of the prohlccts involved.

K ol

ASSUMED aCCURACY OF VARIOUS
METHODS OF DELIVERY

Tahle XLVI shows the accuracies of the va-
rious delivery methods which are to be con-
sidered. It is emphasized thav all accuracies
except for high altitude bombing are esti-
mated. Even the latter accriracy is extra-
polated from proving ground anu triuung
figures; hence, what may actually be rataincd
under operational conditions is nc¢ known
(known estimates go as high as 1,700 yards
circular probable error for radar Y.ombing).

HERMES A-1 VS RADAR BOMBING

Uaquestionably there are many instances
where Hermes A-1 with an accuracy of 100
yards circvlar probable error will give resuits
far superior o radar bombing with an ac-
curacy of 1,000 yards circviar probable error.
An example will be given here which, in point-
ing up sotne of the difficulties in a decision
that guided missiles with atomic warhead
must be developed, will suggest caution in
premature judgments,

Two circular targets will be considered: (a)
area 4 34 sq mi (radius 1,24 mi); and (b) area
103 square miles (radius 1.81 mi). It wili
be assumed that for these targets tae damage
arcas of both the bomb and the missile are 4
square miles (damage radius, 1.13 mi). It
will also be assumed that the energy of the
bomb is about 40 KT, and that of tne missile
one-aalf this energy or the nominsl 20 KT.
In view or the first assumption, tnis energy
relationship gives a bias in favor 4f the guided
missile. Suppose it is required to know what
percent coverage the weapon will have on the
target wiih near certainty. A probability of
94 percent is used here hich corresvonds to
the 2 circular probable er. v distarnce.

Circular Target, §.84 39 mi

Number of Weapons Cersrage with 07
Uzed - akdlity
Ivereent
lbomb .  ..... 44
1 Wermes A~} 8%
f hombe (aimed at ssme point) .. 84

T Lo 22 s used to comnpute o borob and
one Henncs A~1 RAND Repori (R-169), Em-
pirtcul Bomb-Covercge Distributions (advance
copy), wos used to compuite six bormb cases.
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One Hermes A-1 is much better than one
tomb ut not so cocd as siz bombs.

Circular Target, 10.£8 sg mi
Nrmber of Weapons Coverage with 94

woverage

Uted Probab witly
Prreent
1 bomb. . . 34
1 Hermes A-1... . o 40
6 bombs (aimed at same point). . 64

One Hermes A-1 is not significantiv better
ihan one bomb and siz bombs are much better
than one Hermes A-1.

Figures 36, 37, and 38, which are compiled
using Figures 34, compare guided missiies,
Hermes A-1 and Corporal E (assumed nominal
20 KT) with 2 bomb (assumed 40 K{) and
with a 280mm artillery shell (assumin; 1 KT
and the nominal 20 KT) for circular targets
of various sizes. Referring to Figure 36 for
the case of 10 psi limiting damage, both guided
missiles are superior to the bomb for targets
up to 3,000 yards radius. For targets smaller
than 2,000 yards radius, Hermes lias & cover-
age of greater than 80 percent. <orporal E
has a coverage of 80 percent or gieater for
targets less than 1,600 yards in radius.

For damage corresponding to 25 psi or
greater (Figure 37) the guided missiles are
better than the bomb for targets of all sizes.
Hermes A-~1 gives a coverage of 80 percent or
better for targets up to 950 yards radius and
Corporal E for targets up to only 400 yards.
It is instructive to compare Hermes A-~1 with
Corporal E. For a target 700 yards in radius
Hermes A-1 will cover the target with 25 n.!
damage or grea .r whiie Corpora: E only cov-
ers 60 percent (all of this, of course, with a 94
percent probabiity that the damage will be
that indicated or greater).

Finally, it is observed (Figure 38) that for
large damage radii corresponding to damage
produced by thermal radiation of 3 calories
per sq cm (producing painful skin burns),
Hermes A-1 is not as good, tuough ~om-
parable to, the bomb except for targets from
2,000 to 3,700 yards in radius.

It is not the intent here to introduce serious
doubi thiai an atomic warhead should be de-
veloped for a gu:ded missile. 1i is, however,
sugzested that only & .ompiete analves tak-
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ing into account many factors will answer the
question.

FIELD ARTILLERY (280-mm—I1-KT)

Figure 36 shows that a 40 KT atomic bomb
is always better than a 280-mm shell of 1 KT
for & damage area bounced Ly an cverpres-
sure of 10 psi. Both have less than 50 per-
cent coverage. Figure 37 for 25 psi shows
that although there is a range of target sizes
for which the 280-ram shell (1 XT) is better
than the bomb, neither exceeds a coverage of
10 percent. Cases where 10 percent coverage
is adegquate are asyumed to he very rare.  For
damage corresponding to limiting overpres-
sure vaives less than 19 osi, the bomb always
gives more coverage than the 1 KT 280-mm
shell except, of course, where the target is en-
tirely in the damage area in which case bota
are 100 percent. This is borne out in Figure
38 for damage radii corresponding to painful
skin burns (3 calories per sg cm therma! radi-
atiocn). Further analysis may show that a
low energy 280-mm shell may be needed when
damage is to be restricted to a relatively small
area, as to protect friendly troops.  Again fieid
artillery, being more an “all weather” method
of delivery, invites aaalysis along that iu c.
Until some demonstre.tion of this sort is made,
it should be assumed that a 40 KT bomb is
better than & 280-mm shell of 1 KT and the
latter sheuld not be developed. Figures 38
and 37 also show, however, that a 280-mm
shell of 20 KT wouid have & great advantage
over the 40-KT bomb, and a weapon of this
sort seems very much worth development, It
is realized that the feasibility and cost of such
a weapon must first be determined. It is not
the purpose in this paper to give such an
analysis but *¢ is strongly recommended that
this be done by the appropriate agency.

20-KT BOMB VS 80-KT BOMB

1t is frequently pointed out that the damage
T8 ius of an atomic bomb increases only very
slowly as the energy iancreases. as Wi/ ac-
tually. Howaver, 85 uiic anergy I reses from
20 o »u K%, the radius ¢’ equival.at blast
damsge incr.ases by 60 percent. That such
an increase is importart in attacking targets
of finite si*~ is indicated in Figure 39. For
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Appendix B

limit damage equivalent to 12 psi an 80 KT
bomb gives at least double the coverage of &
20 KT bomb salthough for neither is the cover-
age very good. For 6 psi damage the 8G KT
bomb gives only 45 percent coverage for the
same radius, and the 20 KT vomb will give
80 percent coverage for targets nolarger than
€00 yards radius. These are all significantly
better results for the 80 KT bomb, and it must
he presumed that efforts to increase the burst
energy are important.

SYNTHESIS OF WEAPONS SYSTEMS
REQUIRED
SELECTION OF ATOMIC WEAPONS

The analysis of the preceding section will
now be brought {o bear on the problem of
selecting the necessary atomic weapons and
weapons systems for ground operations. It
has not been pretended tha$ the analysis has
been either exhaustive or sufficiently analytic
to be considered final. Until the necessary
mathematical techniques are developed and
used, until the ccmplex problem of the effect
on ground operations of damsages of various
kinds which can be produced by atomic weap-
ons are analyzed in detall, many conclusions
must be questioned.

Nevertheless, some things are now apparen’.
From tie original list of atomic weapons,
Table XL, three veapons should be deleted
as & result of the discussion thus far; item 2,
30 KT bomb, because it is obsolete; and item
4, radioiogical warfare; and item 7, the artil-
lery shell of 1 KT energy. The remainder
can be ciasgifled a= follows:

1. Buaws apove 20 KT--air or ground burst,;

2. Penetrating bomb—with or without jet,
air or ground burst;

3. Guided missile—air or ground burst, or
penetrating;

4. Artillery shell-—a’r burst, 20 KT;

5. Superbomb—penetrating bomb or guided
misslle.

Several questions remain, the answers to
whiehs will allow selecting from the precedir~
list the atomic weapons which -nay be pre-
sumed to be adequate for atlacking the vari-
ous targets of importance io ground opera-
tions.

,mﬂ

1. at cannot be done with an é\ot be done with &h air burst?

The group of targets on page 1% targets on page 192, which
is the residual list of targets for whidist of targets for which an air
burst was not suitabie, will be cq suitable, will be considered.
The targets can be grouped &s follow§ he grouped as follows:

& Armor (fair target for air bufir target for air burst, good
for ground burst); dst)

b. Tactwal air flelds, for long timegr flelds, for long time denial;

c. Transportation: bridges, viadugtion: bridges, viaducts, tres-
tles, railroad transfer points, tunae shusfer points, tunnels;

d. Storage: ol refineries, pipelin®ii refineries, pipelines, reser-
voirs and aqueducts; Aucts;

2. Miscellaneous: submarine pefbus: submarine _ens, com-
mand posts. :

This lisi is an answer to question I%answer to question 1.

2. What is the necessity for a pefe necessity for a penetrating
weapon? z

Tactical air fields and submarine §elds and submarine pens are
targets for which a penelrating weagh o peneirating wespon is re-
quired. Particularly if an undergro®larly if an underground burst
will cause sufficient damage to den®ient damage io deny the .se
of air fields, the need for a penetratingneed for & penstrating wesgon
is demonstrated. Again it iz noted th.  Again It i8 neted that there
is necessity to determine the effect of $termine the effect of an undler -
ground expiosion without deisy. It & without delay. It should be
noted that a ground burst or peneirgbund burst ¢r cenetration, one
or the other, is best for armor and at Hest for armor and ot the same
time there is & need for good accuracheed for good aconracy.

3. What accurscy requirement demfracy requirement demands an
atomic guided missile? Inisgile?

Guided missile accuraey {100 yamfle accuracy (100 yards circt-
lar probable error) is required foryror) is required for bridges,
tunnels and command posts. Furthfpmand posts. Further analy-
sis will probably show situstions #y show situations requiring
gulded wmissile accuracy either tq accuracy either to protfect
friendly personnel and equipmenfgnel and equipment (either
{:om an extension of the consideratidon of the consideration of iar-
gets of finite size given in the last@ize given in the last chapler,
or becausc of the cverlap probiem i overlap problem in eonnec-
tion with the use of more than onfse of meore than one atomic
weapon over target). Only alwer frget). Only afier extensive
analysis ona the actus] necessity I§ye actual necessity for anticl-
pated guided missile accuracy beimissile accuracy be demon-
strated. The problem of how roblemn of how mmany atemic
guided suissiles should be stockpiledilshould be stockpiled is of less
i.aipediace importance thun the rec@rtance than the necessity for
their deveiupment and test, ent and test.

4. What is the requirement for b@ie requirement fur both great
accuracy and penetration for a guidegnetration for a guided wissile?
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Command posts and tunnels are the only
targeis necessary to be considered here on the
basis thet both great accuracy and penetra-
tion are required. (By necessary it is meant
that only targets for which an air burst bomd
is inferior should be considered in stating the
demand for a different weapon.) From the
iack oi criticai inpuitaice of the first target
and tie questionable iiecessity for the second
target it is concluded that there is no require-
ment for a penetrating type guided missile.

5. How do an artillery shell and a guided
missile compars?

Since this study began, it bas become known
that a 280-mm artillevy shell is a possibility.
It is estimated thai an atomic weapon can be
placed on the shell. At an estimated maxi-
mum range of 23,000 yards, the estimated
accuracy is comparable to that estimatea for
guided missiles. This is very probably a good
weapon for ground operations.

6. What is the importance of the super-
bomb?

Even though a cursory examination of the
importance of the superbomb in ground oper-
ations is 8 necessary preface to a more mean-
ingtul analysis, its overwhelming destructive-
ness and, in general, the implications of its
existence are such that one should hesitate to
lend even slight eruphasis in the wrong direc-
tlon. What is written here is a qualitative
approach to the problem and is presented pri-
marily because even a crude consideration of
the requirements for a family of atomic weap-
ons for ground operations must consider the
superbomb,

It is very difficult to imagine the signid-
cance of preducing very large “holes” in the
butiiefleld, or the Communications Zone, or
even {z. ‘.2t matter the Zone of the Interior.
These “holes” can be either physical hoies or
craters in the ground, gaps in communications
or transportation, holes in the battlefront
where almost no activity survives, actual and
total loss of several divisions (perhaps aix
army) of front line troops including all equip-
ment and supporting facilities. In fact, the
result will be nearly total destruction over an
area of upward of 100 sq mi, and considerable
damage over an area covering several hun-
dreds of sq mi; skin burns can be induced over
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an area of 1,000 sq mi; very heavy vehicles
such as tanks within an area of 25-50 sq mi
will be thrown a distance of a quarter of a
mile; there will be hurricane force winds of
100-150 raph over more than 5049 square miles.
In all instances the damage mentioned is at
the periphery of the area and  ~creases toward
the center of burst. Sucii exects are so fan-
tastic they may not be interpreted with refer-
ence to any known operating techniques of
the Army.

In the present pattern of things for army
operations, if a superbomb were aimed at ene-
my armor, frierdly troops would have to re-
main miles away for safety. It would be ee-
essary, in general, to keep friendly dispositions
of personnel and equipment some 15 miles
away from the center of burst. Even though
imsaginaticn is inadequate to estimate the var—
ious measures and countermeasures which
would accompany the use of such a weapon,
it may certainly be said that if the superbomb
Is developed and used by the US or the USSR,
the effect on ground operations will be stu-
pendous. The superbomb seews actually to
be the terrible weapon that the 20 KT atomic
bomb was thought to be in the days immedi-
ately after Hiroshima and Nagasaki,

FINAL LIST OF Al OMIC
WEAPONS REQUIRED

As a result of the considerations in the pre-
ceding section, it is now possible to sev down
the list of atomic weapons needed for ground
operations:

i. Bombs above 20 KT—alir or ground burst;

2. Penetrating bomb—with o without jets,
air or ground burst;

3. Quided missiie- -iir or ground burst;

4. Artillery sheii~—air cr ground burst;

5. Superbomb.

111 spite of the considerations which have Ladi-
cuted that a ground burst (gro:...] io treetop
Ievels) is not very necessary, it is included hera
“ecause it can probably be obtained with a
minor modification ¢f the air burst fuzing.

CONCLUSIONS

1. The work represenied in tnis paper is
qualitative and, bence, subject to revision az
meathods “Thich are more analylic in natuce

a .

SRR R R AFL € hae A NS (Gt i Ot S ALY

LN P amka



Appendix B

are applied. Nevertheless, several conclusions
can be stated and the necessity for continued
work can be defined.

2. Appropriste mathematical formuiation
can and should be d¢~cloped for the special
problems imposed by the use of atomic
weapons.

3. No adequate soiution fo the general prob-
lems siudied here can be obtained without
a very careful and detailed analysis of com-
plete tacticul situations wherein &1 the com-
ponents of means available and oppased are
represented in sufficient detail to allow all the
damage of various kinds to be integrated.

4. Artillery, infantry and tactical air are
suitable targets for atomic weapons in that
order of suitakility. Armor (menned tanks)
may be included as a result of current siudies.
. o. Logistical targets a1e nof suitable targets
for planned attacks with atomic weapons.
Ports may be an exception.

8. The air burst atomic bomb ic an excellent
weapon for many types of targets of impor-
tance to ground operations.

7. Some important targets require a ground
or underground explosion.

8. There are several very important targets
for which an air burst is not suitable.

9. Underground or underwater bursts are
important depending for the former on the
actua} effect which is not now known, but if
predicted effects are zorrect, the underground
burst may be batter than the air busst for
many targets.

‘mi.

.,

ving much greater
accuracy than present radar bombing accu-
racy would give greaier damages to many types
of targets, but not to all.

11. A tleld artillery shell of 1 BT energy is
not as good & weapon as & 2¢ KT bomb, as
concludzy from accuracy avel damage consid-
erations and aside from considerations of
weather and deliverability in general.

12. An 80 KT bomb is much preferred to a
20 KT bomb for various targets.

13. The effect of superbombs on ground
cperations is enigmatic. FPotentially the re-
sultant destruction would be so great as to
revolutionize ground operations.

RECOMMENDATIONS

1. The effect of an underground explosion
should be determined without delay.

2. An atomic warhead and an appropriate
vehicle like Hermes A-1 or Corporal E shiould
be developed for use, if possible, within a year.

3. An atom’~ warhead for an artillery shell
is probably ¢ very guod interim weapon for use
in ground sperations and should be developed
vrithout delay,

4. A superbomb should be developed with-
out delay, but work upon such a new develop-
ment should not ir terrupt nor interfere w.;h
the continued development of fission type
atomie weapons.

5. Use of large quantities of a{omic weapons
in all large scale ground operations should
be planned.
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IMMARY

PROBLEX

The problem is to give a preliminary estimate of
the effectiveness of atomic weapons on the defense of
western Europe, and to outline some of the problems
which must be solved befcre a complete analysis can
be made.

FACTS AND ASSUMPTIONS

The decision to use an atomic weapon against a
particular target is complicated. Eleven factors are
4 listed which must be taken into corsideration.

For the analysis in this paper a field army is as-
sumed to be composed of the following:

1. Forces~Infantry, armor, artillery, tactical air;
1 2. Logistics—Transportation, storage.
Two principles are stated:

i. Tacticel piauning in advance of battle cannot
evaluate the importance of targets of opportunity.

2. Defense against atomic weapons reguires
greater dispersal or more protection o personnel
and facilities.

The following possible schedule for development
of atomic weapons is set up:

1. 1950. An air burst atomic bomb with energy
somewha? greatec thar 20 KT is (ke only weapon
existing. Efforts to develop a pensi-ating type are
proceeding but the effects of penetrat sn are not known.

. NERyh 203

| ONCLASSIED




Atomic Weapons in Mestern Eurcps

PR RROAR L.
eapon

2. 1951, It is possible to have an air burst w
by this dafe having greater energies. It could be
possible by this time to develop jets for a penetrating
type wezapon in the event jets are necessary.

3. 1952. A warhead can be developed by this time
for use on a Corporal E or Hermes A-1 guided mis-
sile, both of which ~ould be ready by that time. The
range of such missiles is about 80 miles and estimated
accuracy 1,000 feet cpe for Corporal E and 300 feet
cpe for Hermes A-1.

4 1655. Guided missiles with longer range and
greater accuracy than those given in pavagraph 3 will
be developed by this time. Estimated accuracy (200
feet cpe) is such that if necessary small targets such
as bridges could be d3s{royed.

5. 1955-1960. In this period it should be possible
to round Gout the development of an adequate famiiy
of atomic weapons for use in ground operations i
the military requirement is set up immediately,

It is assumed that for the next two yzars or so
the US will have significant superiority over the
USSK in atomic weapons.

It is assumed that by 1952 the US will have 850 :°
atomic weapons angd vhe USSR 100. These figures are
extracted from guesses in the US News magszine and
are used meresly $0 aliow certain arguments to be
presentcd in concrete form and ave net an atterapt
on the part of the suthors to guess the size o1 tac
IF E5pile. R

I¢ is ussumed that for the period beginning 2 shert
time after 1652, because of the difficulties in deter-
micing the number types and effecta of ciomic
weapons manufactured by the USSR, it is impos-
sible to predict in any simpiz way the effect of
atomic weapous used either by the UScr the Zoviets.
Such analysis ¢crn, however, result {from compre-
hensive studies which can bs corapleted in the near
future,
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DISCUSSION

A superficial analysis of the vulnerability of infantry,
artillery armor, tactical air, and logistics is given.
Ewven though superficial, however, the analysis is more
mearningful in determining the general vulnerability of ground
force~ than analyses which are limited to a listing ana
assessment of vulnerability of the many separate tar-
gets which must be considered, e. g., airceaft, in-
faniry, pipelines, und tunnels.

CONCLUSIONS

The vulnerability ¢f infantry varies greatly de-
pending on the type and history cf the particular en-
gagement. A detailes study of maneuvering infantry
is possible and will be necessary before meani mgful
conclusions can be made. Certainly three to five
atomic bombs aimed properly and 2t the right
time shouid produce encugh personnel casualiies to
knock out a division in most tactical situations.

Armor {manned tanks) may be a good target for a
round burst but only a fair target for an air burst
atomic bomb. Vulnerabiiity of manned tanks to
atomic weapon attack is currently under investiga-
tion.

The vulnerability of artillery reflects the fact that
eflective artillery fire is the end product of a neces-
sary and well integrated chain of events. Even though
artiliery pieces are not grossly damaged, skilled por-
sonnel, precise equipment, and intricate ¢communica-
tions systems are quite vulnerable to an air burst
atomic weapon. Here z3z.n there is need for a much
o re detailed study than has been possible.

Soviet logistics present individual tavrgets wauch
are, in general, small and numerous, and certain vital
parts of the system are more vulnerablie to other con-
ventional weapons. The greatest difficulty in evalia-
tion is lacic of intelligence inforination. It is judged
that Soviet logistics is not a good planned target
for atomic weapons.

US lugistics is more suczeptible tharn that .f the
USSR, ezspecially if operatisns are i the Eurasian
contineat, where points become vital te the log.stic
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system. However, the probability is that the US logis
tical system can e made sufficiently invulnerable.

Ground wariare from 1950 on will be greatly in-
fluenced by the use of atomic weapons.

Atomic weapons can have a decisive eifect on
the defense of western Europe, and from 1952 on
there is high probability of their use in large quantity
by both US and Soviet in support of their ground opera-
tions. ~ -

A cetailed and exhaustive study must be made of the
effects of atomic weapons on the iactics oi ficld armies.

A special study should be made of the effect of super-
bombs on ground operations.

RECOVHMENDATIONS

Studies should be initiated wherever possible in the
army to investigate in great detail the necessary
changes in the strategy and tactics of ground operations
which must anticipate the use of atomic weapons,

Plans for the defense of western Europe should
consider and require the use of large quantities of
atomic weapons in support of ground operations.

Consideration should be givento using at least 500
atomic weapons in support of Allied ground operations
in the defense of western Europe,
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ATOMIC WEAPONS [N VIESTERN EUROPE

INTRODUCTION

There is a possibility that atomic weapons may

be used in a battle for western Europe within the I

next fex years. Even though rough, a current

estimate of the value of attainable atomic wzapons

used in support of ground operations is strictly

necessary as a guide fo the developmeat of these

weapons and as a preface (o military planning for the

deiense of western Europe.
!
l

It is realized that any complete evaluation of the
importance of atomic weapons in suppoit of ground
operations must take into consideration the over-ali
strategy as well as to exhibit in detail the relation-
ship between atomic weapons and all other weapons
which are to be employed in the various anticipated
field operations. Even though such an evaluatii is
not now possible, several important phases of
operations may be analyzed in sufficient detail to
define some essential limitations on the utility of
atoniic weapons and, more importantly, to demon-
strate that +hey may in some respects be decisive in
determining the progress of ground operations.

A decision to use atomic weapons against a par-
ticular target and for a particular purpose, whether the
decision be for over-all planning or an actual decisian
of the field commander, must include many factors. At
ieast, in some respects, a decision to use an atomic
weapon is more involved and of more consequence than
a decision to use any other weapon that has been avail-
able for use in ground operations at any time in history.

The foilowing list is not supposed to be exhaustive.

It is, however, indicative of the complexity of *ke prub-
lems involved in deciding to use an <.omic weapon.
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Factors Involved in a Decision to Employ an A%
Weapon Agzinst a Darticular f{arget:

1. Size and nature of target;

2. Importance of ihe target in the operation;
3. Effect desired, degree and time history of;
4. Availability of atomic weapons;

5. Delivery: means, accuracy, eénemy counter-
masures;

6. Danger to friendly troops a2nd eyguipment;
7. Coordination with scheme of maneuver;
8. Ezxpected enemy reaction;

9. Comparison with other means of neutralizing
targets;

10. Comparison of this attack with other possible
current or future use of atomic weapons;

11. Political considerations.

For the purpose of a preliminary evaluation of
the importance of atomic weapons in support of
groaund operations, it will be assumed that a field
army may be represented by the following:

1. Forces—

a. Infantry,
b. Armor,
c. Artillery,
d. Tactical Air.
Z. Logistics—
a. Transportation,

b. Storage.

et
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Appendix B

Considering these elements c{ force and logistics
as targets for atomic weapons, a preliminary analysis
will be made in this paper to indicate the vulnerability
of each target. Where significant differences exist,
the Soviet situation will be considered ssp-rately from
that of the US and its Allies. Separate analyses will
alsc be made for 1952, 1952, 1955, and 1955-19%0,

wherein the number of atomic weapons and weapons systems

available at ecach time will be assumed.
Two important principles will now be stated:

1. Tactical planning in advance of the battle car-
not evaluate the impcrtance of targets oi opportunily.
ATthough it 15 difficuis categorically =2 delire a target
of opportunity, it is sufficient for the present tc men-
tion some targets, A fleeting target set up momentarily
in the course of cvents is certainly such 2 target. How-
ever, infantry maneuvering in the field need not be
classified as a target of opportunity if it is not necessary

&€ A3 nnﬂt’r

to know their location very accurately. If ii is a sufficien
permanent target and if intelligence of its existence is
available for planning purposes, then it would not be
so classified. If, however, the existence and descrip-
tion of a depot or dump becomes known during the
battle, it probably should be considered s target of
opportunity. The suggestion in s ating the above
principle is not that targets of ovportunity are unirn-
pertant; they may even be decisive. Planning, how-
‘ever, canrot reliably anticipate their importance and
this paper will not be concerned with such targets.

2. Defense against atomic weapons requires dispersal
of or miOTre Drotection of personnel and Jacilities, 1His
doctriné for defense against atomic weapons has been
established for some years. Two questions must al-
ways be answered: What disperaai 1s necessary to re-
duce the calculated risk acceptably? How much and
what kind of dispersal if possible without reducing the
efficiency of th¢ organization? The doctrin~ of dizpavrsal
is dangerous in application unless it can be . ntified
with respect to calculated risk and loss in efficiency.

VULNERABILITY OF A FIELD BODY

TOATFHIC WEARONG

As a pireface to an analysis which shows the relative
vulnerability of the variouzs targets presented by a fietd
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Atomic Weanons in Western Eucope

army, a discussion of each of the major components
of the army is given. This material is reproduced in
Annex 3. Because it is immediately pertinent to the
discussion which follows, it should be read now by
those who have not alrezdy read Anaex 3.

SYNTHESIs OF VULNERABILITY OF
GROUND FORCES TO ATOMIC WEAPONS

The arguments appearing in Annex 3 apply equaliy to
both the USSR and the US, excepi for the qualifications
already noted. Therefore, applicable to both the US
and the Soviet military siwmaticns, the following is
a list of the components of a field army in the order
or general suitabiiity for attack with atomic wcapoas:

1, Artillevy,

2. Infantry,

3. Tactieal air,
4. Storage,

5. Transportation,

eat studies

from curr

§. Armor {prelimin.ry data
may raise the position of this target).

Much detailed analysis is necessary to substan-
tiate the conclusionhere that artillery is vulnerable
to an air burst. In particular, methods cof rendering
artillery less vulnerable than it is at present must
be scrutinized. Until possible remedial measures are
applied, planring should assume that atomic bombs
used against artillery will have a great effect on ground
operations.

In general, it is considered that there is less
profil inx .sing atomic wezapons on iufantry tuan on
artillery. The detailed analyses wiur n will be made
in the near future will demonstrate definitely whether
or not a2tumic weapen- snould be used against infantry.
At the present time, a plamned attack specifically
against infantry 2¢ a turge: shouic .:¢ considered
of undetorminsed value.
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Tactical air is listed here principally bee¢aus= af the

overriding importance of air supremacy. Since logistics,
is, in general, not susceptible to attack by atomia
weapons, conventional raeans such as tacticsl aircraft
with TMT bomtbs, rockets, and guns are required
The personnel, eguipment, and planes associated
with air fields are vulnerable to an air burst atomic
bomb, but it is again emphazized here that i1l pessikle
a penetrating iype bomb should be deveiopzd w'EicE
will either weaken the subgrade of an 2irstrip or
produce an earth movement which will destroy the
runways.

A planned attack on logistics, cither tramsportation
ox storage. or armor, should nct be predicated on
the use of awomic weapons. Logistics ave, in general,
not good targets for ztomic weapons. Agaimn it is noted
that in all probahility many atomic bembs can and will
be used against thesce targets as targets of Spportunity.
A plan cf hattle, however, may not be devised which
demands the use of atoraic weapons to knock out either
logistics or armor.

NEW WEAPONS

The fact that many possibilities are knowa to the
US for new atomic weapons demands considsrable
caution in the assumption that the US or its Aliies
can predict what type of alumic weapons the Soviets
will develop. Liuck more gan be stzitd aboutr what type
of atomic weapons the US can and ought to develop
for support of ground operations. In this section the
possibilities for new vreapons which ars pertinent
..re repeated.

FORECAST SCHEDULE FOR DEVELGPBENT OF 4TCEIC PEAPONS

1950:;

1. Atomic bomb {more then 20 KT}
2. Penetraaung atomic bomb.

The most imporiant unlncwn factor in d:'2rvminioy
the capabilities of atomic weapen~ ,or 1955 is the aflfect
of the pencirating type atomic bumb. Depending on
the ground structure, 2 sufiicient penetration may be
poss.lle, bty dropping from an airplase at high altitude,
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base surge. Again, great emphasis must be placed
on the 1 *cessity for determining the effectiveness
of a penetrating weapon since, for example, an

«ir burst atomic bom% will not deny the use of an
airririp for very long.

1951:

1. Atomic bomb {improved type);

2. Penetratling type atomic bomb with jet assists
to aid penetration.

For some puarposes the succesaful development of
an improved higher energy air bomb will be very
important bui, in general, no great assistance is
anticipated from it in connection with ground operations.
If by this time it has been demonstrated that a penetrating
type weapon will not produce the necessary effect becaus
of insufficient penetration for 1951, it would be pos-
sible to make other attempts to obtain the necessary
penetration as, for exarnple, by using jets. The pos-
sibilities for atomic weapons in 1951 are substantially the
eame as for 1950 with the exception, of course,
¢i a greater nunper of atormic bombs and with the
very important possibility that a penetrating type
wzapon rnay be determined useful in ground operations.

1952:
1. Mecdified atomic warhead fur Corporal E or
Hermes A-1 guided massiles;

2. Modificd weapon for 280mm artillery shell.

Th~ greatest single assistance to ground opera-
tions by way of atomic weapons development is in the
developmen® of an atomic ~arhead for a guided
missile. The limitations on use in ground operations
imposed by present inaccuracies of high level bombing
have alveady been discussed. According to present
assumptions, cn atormic warhead on a Corporal E
missile with guidance appropriate to attain an es-
tirnated 1,000 feet circular probable error 1 fes-
sitie. It is alsc predrcte? that 3 Z.:domncc sysiem
can be developed for Hermes A-1 which will cave
an accuracy of 300 feet circular probable error.

Beciune of the restiricred range of Corporal E or .
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: PSR RFECHARS
evmnss A-1 {approximately 8% miles), this weapons
syuiers ¢2sld not be used, of course, 10 attack tactical
ir fields, dowewver, its posyible use against artillery
and infantey is vary fmportant, The necessity for
acenracy is very grect, pariicularly in the use of

ar atomic bormv against opposing infantry in order taat
no casualties ke inflicted on fricndly infantry,

&

s

19552

1. Modified atomic warhead for Hermes A- 3 guided
missile.

Hermes A-3 will have grezter range than {orporal
E (approximately 150 miles) and will be considerably
more accurate {estimated 200 feet circular probable
errori. It is difficult at the moment to estiriate the
advarntage of the additional range or the necessity
for an accuracy of the order indicated, It must
certainly be true that both are to some exteni
desirabie. Within a short time it should be possibie
to judge the necessity for greater accuracy on the
basis of detailed analyses of the use of atomic
wzapons against artillery and infantry. With a
Hermes A-3 guided missile there is a much greater
possibility of destroying a bridge target {or which
it has already been stated that a radius of destr iction
for a 20 KT weapon is estimated to be approximately
200 feet.

EFFECT ON GROUND GPERATIONS

At the present time it ~an be assumed that the
US :2s many more atoimic bombs than the Soviets.
In & few years, it is very important that the US
have a much larger atomic stockpile than the Sovieig,
but is must be assumed that the USSR will have many
atomic waapors. The S News magazin: recenfly
guessed that by 1952 the US would have 850 atomic
bombs and the USSR would have 100. Wiihout giving
any credibility to these guesses, one may still use
the figures in ordsr to talk about concrete examples.
In the next twy yeare it can be assumed that any
atomic woapons used in supnort of Allied ground opera-
tions wounld far outnuraber those whic wmight be w4
for cim.lar puvrposes by the USBR. This is the only
purie”® of time during which 1t may be assumed that

Ap. 213




the Allies would use a markedly greater number of atomic
weapons in all circumstances. By this is meant that by
1252 the US magh: designate any number of atoranic weapons
from zero to £59 for support of ground operations and

the Soviets inight plzn to use any number up to 100

ior the same purpose. It is important to deterniine,

ior examnple, the effect in 1952 of severai hundred

atcmic weapons used by the Allies in support of their
ground operations as against none for a similar pur-

pose by the Soviets. The other extreme is equally
meaningful ~that the Scvicts in 1952 might wye 100

in their own ground operations while the Allies were

using none for the same purpose—while reality must

be somewhere between.

¥hat is the anticipated effect on ground operations
of any given numbar of atomic weapons? Again, it is
acknowledged that a complete analysis must include
all weapons, atormic and others. However, in con-
sidering the possivilities for exploiting atomic
weapons, it is profitable to determine the effectiveness
of a strategy centered around the use of large guontitias
of atomic wespons in support of ground operations.

The Rhine River is approximately 500 miles long from
Basie to the Neorth Sea at Rotterdam. Five hundregd air
buvrst atomic bombs accurately dropped with joints of
impact two miles apart counld produce almost total
destruction of military strength the full length of the
river in a band four miles wide. Therz is no possibility
of a procedure of this sort. More meaningful is that
with 500 bombs 10 percent cf the river front could
be attacked covering virtually all territory to a depth
of 40 miles. These avr~, of course, schematic representa-
1 ons bat they ¢4 - proit a2 gonaral impression that 550
atomic bombs would effectively support a defense of
the Rhine,

A more reajsuic pidlule can we vneinzd censidering
popular esiimates nf the mace strength of Soviet aitemipts
to advance {rcin east to west across fLarope, Sevegsul
planning agencies apparently concur .a estirnates thai
the Soviets wiil w3z o vutai 01 40 divasions o four spear-
Leads crosszin, ite Rhine. & total of 350 atomic homus
averages tiude L.an 19 per dovision, Even o ~ueso:y
exarnination suggestis that this is ~.ay mere bomos
than .xouu. 2ct0aliy he roaquired to knock out one
division (doc.cine 1n die U5 2wy nlaces the division
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lires for offensive operftions ..‘300 to 5, OUO S\fagu
apart or approstimately two and one-half railes). Then

if it is reasonable 10 assurne thal 200 atomic bombs would
be decisive in conjunction with conventional means to
hold . lire at the Rhine, the more pertiient question

is: What is the effect of any numuer smaller than

5007

On the basis of current Soviet and Aliied field prac-
tices, one well-timed and well-placed atomic bomb
v ill, necause of its combined effect on artillery, in-
fantry, snd logistics, reduce the :military effectiveness
of a division of infantry to 2 point where the division
could not support an ofiensive and wonld be extremely
vulnerable cn the defensive. On this basis 100 atomic
bombs must be agssumed to have an enormous effect
on the field armies of eithex the Allies or the Soviets.

The following possibilities are now significant for
1952 when, as previously, we sssume the US will have
85C bombs and USSK 100;

EFFECT OF BOMDS USER IR GROWND GPERATIONS
Ok HOLDING A LINE AT THE RHIRE

o1 ] HERT Remarks

i. 500 or more , ¢ . (4] Decisive for S,

2. 100 to 850. .+ o . 10y Undetermined, depends on
ponderance of other means.

Decisive for USGR.

3000 s ¢ 6 0 v s 150

Wiih regavd tu a hot war siarting three or four
years or rovre hence, ai the present time R is
impossible to make any simple estimate of the
effcct of the use of atomic weapons in quantity by either
the Allies or Soviets i. support of their gruund opera-
tions. The fcllowing are reasons:

1. Information on USSR stockpile and productisn
rat of atomic materials will not be sufficiently
procise or reliable to give rore than 2 gcneral
egtiinate of guaniity of atomic weapons.

«—

2. There arer -y oosszibilities of types of
weapons incluading .ae gy, method of delivery, ac-

™.

curany, et cetera.
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RESTRICTED DATA

SE@ BTERIC EET0Y AST- 1848
{ LEY § SPECH.S RESTRIET.D DATA

GSE MILTTARY CUSSIFLT.... SATFQUARES
RECOMMENDA TIONS

.. Studies should be initiated wherever pos-
sible in the army to intensively and thoscughly study
the necessary changes in strategy and iactics in
army operations which must anticipate the use of
atoinic wezpons.

2. Plans for the defense of westorn Europe should
consider and require the use of la~gr guantities of
atomic weapons in support of gr. .d operations.

3. Cornsideration should be given to the use of at least
500 atomic weapons in support of Allies ground operatiens
in the defense of western Europe.
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